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New Lightweight SACH Foot 

ORTHOPEDIC INDJSTRV INC. 
UNITED STSTES OF AMERICA 

4130 Highway 55 
MINNEAPOUS/Minnesota 55422 
Telephone (612) 521 -3634 , 5 2 2 - 1 6 5 1 

OTTO BOCK now offers the 1S56 Light SACH Foot fabricated 
with a new lightweight foam. The new 1S56 SACH Foot is sub
stantially lighter than the OTTO BOCK Standard SACH Foot, yet 
the flexibility and function remains the same. 

We recommend using the 1S56 SACH Foot in prostheses when 
weight is an important factor, and when the prostheses will not 
be subjected to high stress, for example, when fitting geriatric 
patients. 

1556 OTTO BOCK Light SACH Foot - with Ankle Block, for Men, 18 mm Heel 
Height, with Elastic Heel Wedge and PEDILAN Sole, Sizes: 22 - 28 cm 

1557 OTTO BOCK Light SACH Foot - without Ankle Block, for Men, 18 mm Heel 
Height, with Elastic Heel Wedge and PEDILAN Sole, Sizes 22 - 28 cm 

S OTTO BOCK 1 1 / 1 9 8 2 



THIS IS THE ORIGINAL. 

WHY DOES IT COST LESS? 
Usually when a superior product is cop

ied, the imitations are priced lower to com
pete. In the case of the original Dale® Reten
tion Belt, that didn't happen. Here's why. 

Our Retention Bert is one of a family of 
stretch support products designed for hospi
tal use and made to highest professional 
standards. Because we buy all of our materi
als and dedicate our manufacturing to this 
specialty, we can bring you a Retention Belt 
tnat is better made than any other—and 
priced significantly lower than the look-alikes. 

It's designed for mobilrty and comfort 
as well as support. Double-ply stretch panels 
are joined by a patented technique to con
form to contour and movement. Large 
velcro® closure surfaces are continuously 
adjustable and built for long use. The 
pocket accepts our own heat-retaining, 
high-density foam insert or any similarly 
shaped insert of your choice. And there are 
many details of careful workmanship you'll 
see and appreciate. 

We invite you to inspect and compare 
the Dale retention belt with the belt you are 
now using. If you don't agree completely 
that the original is still the best, we'll gladly 
refund the low purchase price. Simply send 
us the coupon below. 

i NO RISK TRIAL OFFER 
| Dale Medical Products, Inc 
. 7 Cross Street, RO Box 1556, Plainville, MA 02762 

I • Send me one Dale Retention Belt for > 
J inspection and trial. If I am not completely 1 

I satisfied that it is superior to the belt I am I 
| now using, I may return it within 30 days. I 

Otherwise I understand you will bill me for , 
the low trial price of $10.00. ' 

! • Please include your high-density heat- ' 
I retaining foam insert with the belt at no I 
) extra charge. j 

I Name , | 

i Address , I 

City State Zip | 

© 1984 Dale Medical Products 

Dale Medical Products, Inc., 7 Cross Street, RO. Box 1556, Plainville, MA 02762 U.S.A., Call 800-343-3980 
In Mass. and International: 617-695-9316 
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TWO-POST ORTHOSIS for stabilizing 
« cervical and upper thoracic regions. 

Spinal orthoses are our only product They are only 
available through ethical d ispensing orthotists Because 
ot this we have the motivation and the skill to provide 
you with the highest quality orthoses possible for max
imum acceptance by your doctors and patients And we 
back you up with 24-hour delivery of your prescript ion 
orders anywhere in the country Plus, we have a price 
structure to make our service 

' your most profitable way to 
fill prescript ions. Florida Brace 
Corporat ion, P.O. Box 1299, 
Winter Park, Florida 32789. 

Florida 
Brace 
Corporation 
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S-500 — A COMPACT SANDER TAILORED TO 
THE NEEDS OF ORTHOTIC PROFESSIONALS 

Sutton Landis has developed a machine which 
can be virtually custom-built to suit the needs 

of the orthotic professional. It requires only 
40' of wall space and may be ordered with any 

combination of 4" or 1-9/16" sanding belts. 
Belts are a full 5 ' long for maximum cutting 

speed and long life. All dust generating areas 
are ported to highly efficient dust control 

system. For use on orthosis finishing, pros
thesis construction and modification of pre

scription footwear. The various shaft configura
tions are shown below. Call today for further 

information. Toll-free: (800)325-3542. 

SHAFT 

i r r t o i n i n o i 
f i r m s 

'ILsnmilBB: 
SHOE 

MACHINERY 
COMPANY 

T o i l - F r e e : ( 8 0 0 ) 3 2 5 - 3 5 4 2 • M o . C u s t o m e r s : ( 3 1 4 ) 2 2 5 - 5 2 5 5 C o l l e c t 

SHOE 
MACHINERY 

COMPANY 

3500 Scarlet Oak B lvd . • St. Louis, M O 63122 
I ] Please send information on the S500 jack sander 
[ ] Please send the Sutton-Landis catalog 

Name 

Company. 

Address . 

City, State, Zip 



Meetings and Events 

Please notify the National Headquarters immediate ly concerning addit ional meet ing dates. 
It is important to submit meet ing notices as early as possible . In the case of Regional 
Meet ings , it is mandatory to check with the National Headquarters prior to conf irming date 
to avoid conflicts in schedul ing. 

1984 
Apri l 1 - 4 , As ian and Pacific Convoca t i on 

on Rehab i l i t a t ion , to examine h o w a 
w i d e c ross -sec t ion o f peop le can work in 
par tnersh ip wi th d i sab led peop le , spon
sored b y R . I . N e w Zea land , Rehab i l i t a 
t ion L e a g u e and Acc iden t C o m p e n s a t i o n 
Corpora t ion , Wel l ing ton , N e w Zea land . 
Contac t : Acc iden t C o m p e n s a t i o n Cor
pora t ion , Private Bag , Wel l ing ton , N e w 
Zea land . 

Apri l 2 , Canad ian Nat iona l Soc ie ty for 
P r o s t h e t i c s a n d O r t h o t i c s , B i e n n i a l 
M e e t i n g , Wes t in Bayshore Hotel , Van
c o u v e r , B r i t i s h C o l u m b i a , C a n a d a . 
Contac t : Canad ian Nat ional S o c i e t y — 
I S P O , P r o s t h e t i c s - O r t h o t i c s Depa r t 
m e n t , C h e d o k e - M c M a s t e r H o s p i t a l s , 
P .O. B o x 2 0 0 0 , S ta t ion " A , " Hami l ton , 
On ta r io L 8 N 3Z5 Canada . 

Apri l 3 - 5 , Canad ian Assoc ia t ion o f Pros-
thet is ts and Or tho t i s t s B ienn ia l Nat iona l 
Conven t ion , Wes t in Bayshore Hote l , 
Br i t i sh C o l u m b i a , Canada . Con tac t : Box 
3 2 0 - 8 1 0 Wes t Broadway , Vancouve r , 
B . C . V 5 Z 4 0 9 Canada . 

Apr i l 6 - 7 , N e w Eng land A c a d e m y Chap te r 
Annua l Mee t ing , Worces te r Marr io t t , 
Worces te r , Massachuse t t s . 

Apr i l 7 - 8 , A B C Spr ing Wr i t t en E x a m i n a 
t ions , Ramada Inn O l d T o w n , Alexan
dria, Vi rg in ia ; Ho l iday Inn O ' H a r e K e n 
nedy, C h i c a g o , I l l inois ; Airpor t Execu
t ive I n n , S a n F r a n c i s c o , Ca l i fo rn ia . 
Contac t : A B C Nat iona l Headquar te r s , 
703-836-7114 . 

Apri l 1 1 - 1 5 , T h e Pacif ic R i m Or tho t ics and 
Pros the t ics Confe rence , Hotel In terna
t ional , M a u i , H a w a i i . Endorsed b y the 
A c a d e m y and I N T E R B O R . 

Apr i l 1 2 - 1 5 , A O P A R e g i o n IV Annua l 
M e e t i n g , Waver ly Hotel at the Gal ler ia , 
At lanta , Georg ia . 

Apr i l 1 9 - 2 4 , 1st In ternat ional M e e t i n g on 
Le i sure , Recrea t ion , and Spor ts , or
gan ized b y the Rehab i l i t a t ion In terna
t ional C o m m i s s i o n and sponsored b y 
R . I . , the Japanese Soc ie ty for Rehab i l i t a 
t ion o f the D i sab led and the govern
men t s o f Gamagor i C i ty and A ich i Pre
fecture, G a m a g o r i , J apan . Contac t : Japan 
S u n I n d u s t r i e s , K a m e g a w a , B e p p u 
874-01 Japan . 

Apr i l 2 5 - 2 7 , " S p i n a l Cord Injury: Rx for 
M a n a g e m e n t , " a three day conference 
sponsored b y Dal las Rehab i l i t a t ion In
st i tute and Dallas Rehab i l i t a t ion F o u n 
dat ion wil l b e he ld at the Hol iday Inn 
Brookho l low, Dal las , Texas . Pre- regis -
trat ion fee (before Apri l 1 6 , 1 9 8 4 ) is $150 . 
Specia l one day rates a n d group d is 
counts (ten o r more) are avai lable . O v e r 
26 exper ts in the field of spinal cord in
jury rehabi l i t a t ion wil l b e speak ing . For 
more informat ion or to rece ive registra
t ion mater ia ls , contac t the publ ic rela
t ions depar tment , Dal las Rehab i l i t a t ion 
Ins t i tu te , 7850 Brookhol low R d . , Dal las , 
T X 75235 , (214) 9 2 0 - 8 0 4 0 . 

M a y 3 - 5 , A O P A R e g i o n s I, II , and III C o m 
b i n e d Annua l M e e t i n g , Concord Hote l , 
K i a m e s h a Lake , N e w York. 

M a y 1 3 - 1 9 , N in th In terna t ional Congres s 
o f Physica l M e d i c i n e and Rehab i l i t a t ion , 
Je rusa lem, Israel . Contac t : K e n e s , 29 
M a m r e d Street , P . O . B . 29784 , 61297 
Tel -Aviv , Israel . 

M a y 2 4 - 2 6 , A O P A R e g i o n V A n n u a l 
M e e t i n g , A m w a y Grand Plaza Hote l , 
Grand Rap ids , M i c h i g a n . 

J u n e 1 - 3 , A O P A R e g i o n IX, C O P A , and the 
Cal i fornia Chapte rs of the A c a d e m y 
C o m b i n e d Annua l M e e t i n g , Lake Ar 
rowhead , Cal i fornia . 



J u n e 4 - 8 , 15th Wor ld Congress o f R e 
hab i l i t a t i on In te rna t iona l on t h e m e , 
" Informat ion , Awareness , and Under 
s tanding for Integrat ion o f Disab led Per
sons and S o c i e t y , " L i s b o n , Portugal . 
Contac t : (Program) Rehabi l i t a t ion Inter
na t iona l , 432 Park Avenue Sou th , N e w 
York , N e w York 10016. 

J u n e 1 2 - J u l y 4 , 7 th World W h e e l c h a i r 
G a m e s (formerly Para lympics ) , Un ive r 
s i ty of I l l inois , C h a m p a i g n , I l l inois . 
Contac t : Prof. T i m o t h y Nugen t , R e 
h a b i l i t a t i o n E d u c a t i o n C e n t e r , 1207 
Sou th O a k Street , C h a m p a i g n , I l l inois 
6 1 8 2 0 . 

J u n e 1 6 - 2 8 , 1984 In ternat ional G a m e s for 
the D i sa b l e d , sponsored b y the Interna
t ional Spor ts Organ iza t ion for the D i s 
ab led , Nassau County , L o n g Is land, 
N e w York . Contac t : Mr . Michae l M u -
shet t , Direc tor , 1984 Internat ional G a m e s 
for the D i sa b l e d , c/o Spec ia l Popula t ions 
Un i t , E i s e n h o w e r Park , East M e a d o w , 
N e w York 11554. 

J u n e 1 7 - 2 2 , " 1 9 8 4 — T h e Br ight S i d e , " T h e 
S e c o n d In te rna t iona l C o n f e r e n c e on 
Rehabi l i t a t ion Eng inee r ing , c o m b i n e d 
wi th the 7th A n n u a l Conference o n R e 
h a b i l i t a t i o n E n g i n e e r i n g , C o n g r e s s 
Cen t re , O t t awa , On ta r io , Canada . S p o n 
sored b y the Nat iona l Research Counc i l 
of Canada , the Rehab i l i t a t ion E n g i 
nee r ing Socie ty of North Amer i ca , and 
the Canad ian Medica l and Biological E n 
g inee r ing Socie ty . Contac t : Confe rence 
Se rv ices , Na t iona l Research Counc i l of 
Canada , O t t awa , On ta r io , C a n a d a K 1 A 
0 R 6 . 

J u n e 2 1 - 2 4 , A O P A R e g i o n VI and the Aca 
d e m y Midwes t Chap te r Annua l C o m 
b i n e d Mee t ing , Hol iday Inn , Merri l l -
vi l le , Indiana . 

J u n e 2 8 - 3 0 , A O P A R e g i o n s VII , VII I , X , 
and XI C o m b i n e d M e e t i n g , Nor th Shore 
C o n v e n t i o n C e n t e r , C o e u r d ' A l e n e , 
Idaho . 

S e p t e m b e r 3 0 - O c t o b e r 5 , 1 6 t h Congres s of 
the In ternat ional Soc ie ty for Or thoped ic 
Surge ry and Traumato logy ( S I C O T ) , 
L o n d o n , Eng land . Contac t : Confe rence 
Se rv ices , L td . , 3 Bu te Street , London , 
S W 7 3EY, U n i t e d K i n g d o m . 

October 1 5 - 2 1 , A O P A General Assembly 
and Internat ional C o n g r e s s , Fon t a ine -
b leau Hote l , M i a m i B e a c h , F lor ida . 
Contac t : A O P A Nat iona l Headquar te r s , 
703 -836-7116 . 

1985 
Janua ry 3 0 - F e b r u a r y 3 , A c a d e m y Annua l 

M e e t i n g and S e m i n a r , Cathedral Hill 
Hote l , S a n Franc i sco , Cal i fornia . C o n 
tact: A c a d e m y Nat iona l Headquar te r s , 
703 -836 -7118 . 

M a y 2 - 4 , AOPA R e g i o n V Annua l M e e t 
ing, Hol iday Inn , Cleve land , O h i o . 

J u n e 7 - 9 , A O P A R e g i o n I X , C O P A , and the 
Cal i fornia Chap te r s of the A c a d e m y 
C o m b i n e d A n n u a l M e e t i n g . 

O c t o b e r 1 5 - 2 0 , A O P A Annua l Nat ional 
Assembly , T o w n and Count ry Hotel , S a n 
D i e g o , Cal i fornia . Contac t : AOPA Na
t ional Headquar te r s , 703 -836-7116 . 



CENTRAL FABRICATION 

Conventional Dynamic Orthosis 
(All Metal Construction) 
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New levels of funcfion are now be ing ach ieved 
for amputees bv prosthetists fitting the Utah Artificial 
Arm Light weight ana f reedom from cables allow a more 
comfor tab le fit. Design advances provide guietness 
a n d cosmesis in a modular system that includes 
myoelectr ic hand control. 
Shouldn't your patients b e fitted by you with the 
most a d v a n c e d prosthesis avai lab le? 
For more information or to discuss your patient— 
ca l l Harold Sears col lect at 801-364-1958 

Utah Artificial A m 
Deveiooed at the university of Utah 



Ad Index and Hotline 
Advert isers are encouraged to submit names of contact persons for inclusion in the A d 
Index a n d Hotl ine. 

Ot to B o c k 2 O r t h o m e d i c s 
800-328-4058 M r . D a v i d Kerr 

75 
800-854-3259 

Dale Medica l Products 3 
800-343-3980 

Drew S h o e 11 
614-653-4271 

PEL Supply 12 
Cus tomer Serv ice 800-321-1264 
In O h i o , please 

call collect 216 -267-5775 

Durr-Fi l lauer Medica l , Inc 76 Spor ts Suppor t s 82 
800-251-6398 

Florida Brace 4 
M r . B e n M o s s 305 -644 -2650 

Kings ley Mfg C-2 
M r . Jeff K ings ley 800-854-3479 

Kn i t -R i t e , Inc C-3 
800-821-3094 

800-527-5273 

Sou the rn Prosthet ic Supp ly C o 9 
Cus tomer Service 800-241-1892 

Su t ton /Land i s 6 
Mr . Jack Lynch 800-325-3542 

M o t i o n Control , Inc 10 Uni ted States Mfg. Co . 81 
Mr. Harold Sears 801 -364-1958 213-796-0477 

Cushion Depth For 
Extra Comfort 

These shoes are specially designed and engineered 
with vertical depth added to accept various types of 
appliances, including the Drew Cushion Depth Inlay.* 

• removable Cushion Depth 
insole 

• genuine deerskin padded 
collars 

• made in a variety of 
genuine deerskin and 

• Drew makes a variety leather colors 
• ' W f c ^ , of cushion Depth . excellent for sensitive and 

insoles in . . . 
vv>T T^JtV s e v e r a l insensitive feet 

ir-'VL m 

S T R O L L 

• Long wearing, shock absorbant. 
cushion crepe out sole. 

• Genuine tan deerskin leather. 
• Long inside counters. 
• Drew makes a variety 

of Cushion Depth 
insoles in 

several 
materials. p | e a s e s e n d for our Free 

I 

In-Stock Catalogue showing 
many styles of Cushion Depth 
footwear. 

S A L L Y 
• Rollar 

Bottom 
eliminates heel 
shock because it is 
made out of cushion crepe. 

• Reduces step shock because it rolls from 
heel stride to toe off. • Long inside counters. 

Drew Shoe Corporation 614/653-4271 
252 Quarry Road Lancaster. Oh 43130 



'One of the ingredients of our good service is inventory, 
says Paul Leimkuehler, PEL's President. 

O r t h o t i c and p r o s t h e t i c p a r t s and 
supp l i e s , by the m a n u f a c t u r e r s you 

know and r e s p e c t , c a n be sh ipped 
d i r e c t l y t o you with j u s t one phone 

ca l l . No need to spend time mak
ing e x t r a cal ls or wa i t ing need

l e s s ly for your o r d e r t o a r r i v e — 

CALL TOLL FREE 1-800-321-1264 
in Ohio, call collect 216-267-5775 

S U P P L Y C O . 
4 6 6 6 Manufacturing Rd. 
Cleveland. Ohio 44135 

PEL HAS TODAY, WHAT YOU NEED TOMORROW. 



Orthot ics 
a n d 
Prosthetics 

Journal of the American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, Virginia 22314 
(703) 836-7116 

Orthotics and Prosthetics, the only publication of its kind in the U.S. , is a 
quarterly scientific journal providing information relative to the fields of 
orthotics and prosthetics. Because of its unique place in the literature, and 
its recognition worldwide, Orthotics and Prosthetics draws articles on 
the latest innovations from the health care profession's foremost authors. 
It is an integral component of any rehabilitation professional's library. 

american 
orthotic & 

prosthetic 
association 

1984 Orthotics and Prosthetics yearly subscription rates— 
Domestic (U.S., Canada, Mexico) $24.00 
Foreign $28.00 
Foreign Air Mail Delivery $48.00 

• Yes! I want to subscribe to Orthotics and Prosthetics. I am enclosing 
a check, payable to AO PA, in the amount of $ , for yearly 
subscriptions. 

Name 

Address . 

City State Zip 

Make all checks payable to AOPA. 
Mail to: AOPA 
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INTRODUCTION 
W h e n an or thos i s is appl ied to the knee , 

it should , hypothet ical ly , al low a full, unre
str icted range of mot ion to occur , except at 
appropr ia te l imi ts o f mo t ion where or
thot ic cons t ra in ts are in tent ional ly in t ro
duced to provide the extra s tabi l i ty re
qu i red to compensa te for soft t i ssue insuf
f ic iency. For example , an or thos is appl ied 
to the knee to correct recurvatum should in 
no w a y restrict normal f lexion, and should 
in t roduce a cons t ra in t force only near ex
tens ion where the extra s tabi l i ty is re
qu i red . 

In reality, h o w e v e r , commerc ia l ly avai l 
able or thoses fall short o f this ideal . O n e of 
the major p rob lem areas is that or thot ic 
knee jo in t s used current ly follow k inemat ic 
or mot ion pa thways wh ich are cons idera
bly s impler than those o f the natural knee 
joint, whose motion is three dimensional 
in nature . S ingle axis h inges are mos t 
c o m m o n , a l though o ther des igns , such as 
the polycentr ic , have evolved in an a t tempt 
to more closely simulate the complex roll
ing and sl iding w h i c h accompan ie s flex
ion-ex tens ion o f the natural jo in t . T h e 
misma tch b e t w e e n the or thot ic and natural 
knee jo in t mot ions can cause an unwan ted 
cons t ra in t force or b i n d i n g to occur , w i th 

the s u b s e q u e n t p i s ton ing o f the or thot ic 
componen t s over the lower l i m b , produc
ing restr ict ion of the normal range o f m o 
t ion , distal migra t ion and misa l ignmen t of 
the orthosis, and skin pressure discomfort. 

O u r laboratory has developed an or
thot ic knee jo in t w h i c h more closely m i m 
ics the mot ion of the natural knee . We b e 
l ieve it offers some s ignif icant advantages 
over ex is t ing or thot ic jo in t s , and allows de
s ign of more effective knee or thoses . T h i s 
report descr ibes the p roposed or thot ic 
j o in t , the rat ionale b e h i n d its des ign , its 
advantages , and ev idence o f its value. A 
second report will p resent a descr ip t ion o f 
a comple te knee or thosis us ing the i m 
proved jo in t s . 

DESCRIPTION OF 
THE JOINT 

T h e jo in t cons i s t s o f a metal , multicurvature femoral c o m p o n e n t in the shape o f 
the sagittal profile of the distal femur, and a 
slotted plastic t ibial componen t wi th a 
larger, flatter ar t iculat ing surface approxi
ma t ing the profile o f the proximal t ib ia 
(Figure 1 ) . The femoral c o m p o n e n t art icu
lates w i th in the t ibial slot so that the sur
faces b e c o m e h igh ly conforming or en-



gaged in ex tens ion , p reven t ing anter ior-
pos te r ior mo t ion , as in the natural jo in t . In 
flexion, however , the smal ler pos ter ior fe
moral curvature provides for a low degree 
of conformi ty o r capture b y the t ibial cur
vature , a l lowing the femoral ar t iculat ing 
surface to roll and s l ide anter ior-pos ter -
iorly over the t ibial c o m p o n e n t , t he reby 
imi ta t ing the natural knee . T h e c o m p o n e n t 
curvatures and amount of capture are 
var iable in des ign , and can be chosen de
pend ing upon the pat ient appl icat ion. W e 
have chosen a set of curvatures w h i c h l im
its the s ize of the or thot ic j o in t s , yet a l lows 
a poss ib le e ight mi l l imeters of anter ior-
p o s t e r i o r d i s p l a c e m e n t to a c c o m p a n y 
flexion. 

S tab i l i ty is added to the or thot ic j o in t 
through the p re sence of inex tens ib le dacron straps w h i c h cross the j o in t (Figure 1 ) . 
T h e s e straps are a t tached distally to the 
plastic t ib ia l c o m p o n e n t , and proximal ly to 
a metal l igament a t t achment plate , w h i c h is 
in turn fas tened to the s idebar o f the fe-

mora l componen t . T h e straps s imula te the 
loca t ion , o r ien ta t ion , and funct ion o f knee 
l igaments . T h e s e " l i gamen t s t raps" t ighten 
and b e c o m e lax at different t imes dur ing 
the range o f mo t ion , yet a l low the anter
ior -pos ter ior rol l ing and s l id ing of the fe
mora l c o m p o n e n t over the t ibial c o m p o 
nen t to occur . T h e n u m b e r and locat ion of 
these l igament s traps can b e var ied and is 
dependen t upon the part icular m o d e of 
s tabi l i ty requ i red . At p resen t , we rout ine ly 
use three bas ic l igament strap conf igura
t ions : an anter ior cruciate des ign , a collat
eral des ign , and a pos te r ior crucia te des ign 
(Figures 2a , b , c ) . Note that each j o i n t de
s ign has three straps w h i c h are located and 
or ien ted so as to sequent ia l ly t ighten at 0° , 
45° , and 90° o f f lexion, respect ively . 

Fo r e x a m p l e , F igure 3 s h o w s the s e 
quent ia l t i gh ten ing o f the three straps of a 
pos ter ior cruciate jo in t . Each o n e of the 
straps t igh tens at a part icular flexion angle , 
w h i l e the o ther two r ema in lax. Note that 
w h e n a l igament strap is t ight , it ha s ap
prox imate ly the same l ine o f act ion or or i 
en ta t ion as the natural pos ter ior crucia te 
l igament . Figure 3 also s h o w s the femoral 
c o m p o n e n t roll ing and s l id ing poster ior ly 
wi th flexion. A compu te r i zed ma themat 
ical mode l w a s u sed to define potent ia l 
strap loca t ions . T h e data genera ted b y the 
mode l provides length pa t te rns for all pos 
s ib le strap a t tachments , p red ic t ing w h e r e 
in the f lexion range the strap wou ld ge t 
t ight , and in wha t d i rec t ion the subse 
quen t strap force wou ld act. 

BIOMECHANICAL DESIGN 
RATIONALE 

B e c a u s e the surfaces o f the ana tomica l 
knee art iculate wi thou t a great deal o f cap
ture, the musc les and l igaments ( their at
t achment locat ions and or ien ta t ions) mus t 
prec ise ly interact wi th the geomet ry of the 
art icular surfaces to genera te lower l i m b 
funct ion yet p rov ide s tabi l i ty . Fo r example , 
it has b e e n hypo thes i zed b y L e w i s , et . al. 
( 1 9 8 3 ) 3 that k n e e l igamen t s have a dual 
funct ion. T h e " h i g h - l e v e l " funct ion is 
w h e n l igaments p rov ide s tabi l i ty in a 
t raumat ic s i tuat ion, where the external 

Figure 1: The above sketch shows the components of 
the proposed orthotic joint design: metal femoral 
component, slotted plastic tibial component with 
metal sidebar, metal ligament attachment plate, and 
three dacron ligament straps (the collateral design in 
this example). 



Figure 2A: Anterior cruciate joint design. Figure 2B: Collateral joint design. Figure 2C: Posterior cruciate joint 
design. 

Figure 3: Sketch shows the sequential tightening of the ligament straps of the posterior cruciate joint design, at 
extension (left), 45 degrees flexion (middle), and 90 degrees flexion (right). 



Figure 4: The proposed orthotic joint design is based upon earlier research 
regarding the interaction of knee ligament mechanics with internal knee pros
theses. A sagittal view of the cross sections (radii of curvatures—R,r) of the tibial 
and femoral components of these implants are shown above. 

load occurs too rapidly for the muscles to 
equ i l ib ra te . T h e " l o w - l o a d " funct ion is 
w h e n l igaments keep the correct appos i 
t ion of the articular surfaces dur ing m u s 
c l e - g e n e r a t e d f u n c t i o n , p r o v i d i n g for 
proper jo in t lubr ica t ion and normal contact 
forces. T h i s low level function is par t icu
larly dependen t u p o n the re la t ionship of 
the geomet ry of the articular surfaces and 
l igaments . As prev ious ly m e n t i o n e d in the 
In t roduct ion , w h e n s impl i f ied artificial 
jo in t s are placed in (total j o in t replace
men t s ) o r around (or thoses) the k n e e , con
straints are genera ted in the natural j o in t 
s tructures as they o p p o s e the mo t ions im

posed b y the artificial j o in t s . T h i s con
straint is r ecogn ized externally as pistoning, and internally as, among other th ings , 
l igament incompatab i l i ty . 

As an example of the above , L e w and 
L e w i s ( 1 9 8 2 ) 1 per formed a s tudy in w h i c h 
cruciate l igament forces were measu red 
dur ing the flexion of spec imens con ta in ing 
a low conforming, anatomically shaped 
knee implan t des ign , as wel l as a h igh-
confo rming , non-ana tomica l implan t de
sign (Figure 4 ) . In the non-ana tomica l im
plant , w h i c h did no t allow rolling and 
s l id ing to accompany flexion as in the 
natural jo in t , the full range of mot ion was 



res t r ic ted to about 60 degrees of f lexion, 
and abnormal ly large cons t ra in t forces ap
peared in the pos te r ior cruciate l igament . 
T h e ana tomica l implant , on the o ther h a n d , 
a l lowed the roll ing and s l id ing of the 
natural jo in t , so that a full range o f flexion 
w a s a t t a inab le , a n d crucia te l i gamen t 
forces approached that o f a normal knee . 
T h e above f indings can b e ex tended to the 
des ign of or thot ic j o in t c o m p o n e n t s . T h e 
or thot ic articular surfaces should have the 
f reedom to reor ient t hemse lves as d ic ta ted 
b y the in ternal l igaments (or musc l e s , for 
that mat ter) for as m a n y o f the c o m p o n e n t s 
of natural j o in t m o t i o n as poss ib l e . In this 
way, u n w a n t e d cons t ra in ts wil l b e m i n i 
m i z e d , a n d an unres t r ic ted range of mo t ion 
can b e ob t a ined . 

T h e des ign of the p roposed or thot ic 
jo in t s c losely follows this b i o m e c h a n i c a l 
pr inc ip le . D e p e n d i n g upon the cons t ra in ts 
in t roduced to the or thot ic j o in t s and c o m 
plete knee or thosis (because of the pa
t ient ' s part icular cond i t i on ) , the p roposed 
or thot ic , art icular surfaces can potent ia l ly 
allow five of the s ix poss ib le c o m p o n e n t s of 
knee mo t ion , the excep t ion b e i n g m e 
dial-lateral d i sp lacement (refer to F igure 5 ) . 
Ante r io r -pos te r io r rol l ing and s l id ing of 
c o m p o n e n t s dur ing f lex ion-ex tens ion are 
poss ib l e , as desc r ibed earl ier . Dis t rac t ion 
of c o m p o n e n t art icular surfaces is a l lowed, 
w h i c h in turn pe rmi t s varus-valgus rota
t ions to occur at any f lexion angle . T rans 
verse ro ta t ions are pos s ib l e th rough the 
an te r io r -pos te r io r a n d d i s t rac t ive d i s 
p lacemen t s of the jo in t c o m p o n e n t s . T h u s , 
the or thot ic jo in t art icular surfaces reor ient 
themse lves as dictated b y the in ternal knee 
structures, to a greater degree than o ther 
c o m m o n l y used or thot ic j o in t s . G i v e n any 
part icular soft t i ssue insuff ic iency, specif ic 
l igament strap cons t ra in ts can b e added to 
res t ra in any o f the a b o v e affected mo t ion 
c o m p o n e n t s , so that the jo in t s al low a full 
range o f knee m o t i o n to occur. T h e only 
excep t ion is for po in t s in the m o t i o n w h e r e 
extra s tabi l i ty is r equ i red to c o m p e n s a t e for 
the soft t i ssue ins tab i l i ty present . T h e va
lidity of this des ign concept will b e demon
strated b y a mechan i ca l evaluat ion , a de
scr ip t ion of w h i c h fol lows in the next sec
t ion of th is report . 

A n o t h e r b i o m e c h a n i c a l pr inc ip le to b e 
cons ide red is that the geomet ry o f the 
natural knee l igaments is such that they 
b e c o m e loaded dur ing a w i d e range of ex
ternal j o in t load cond i t ions . L e w i s , et. al. 
( 1983 ) 3 measu red l igament forces in a ser ies 
o f seven s p e c i m e n s , w i th the purpose of 
ca ta loging external load cond i t ions (ap
pl ied to the t ibia) w h i c h loaded par t icular 
l igaments . 

The anter ior crucia te was found to b e 
h igh ly loaded dur ing several load cond i 
t ions nea r ex t ens ion (an te r ior -d i rec ted 
force o r anter ior drawer, varus , a n d inter
nal ro ta t ion) . T h e pos te r ior cruciate l iga
m e n t w a s h igh ly loaded for var ious ex
ternal load d i rec t ions nea r 90 degrees 
flexion (poster ior-di rec ted force o r poster
ior drawer, varus-valgus, and internal-ex
ternal rotation). The medial collateral liga
men t w a s h igh ly loaded dur ing in ternal -
external rotat ion and valgus , th roughout 
the f lexion range. T h e lateral collateral 
l igament w a s h igh ly loaded dur ing varus 
and internal ro ta t ion , th roughout the flex
ion range . T h e anter ior cruciate and bo th 
collateral l igaments were h igh ly loaded 
dur ing hyperex tens ion . G i v e n the previ 
ous a rgument for anatomical ly s h a p e d or
thot ic jo in t c o m p o n e n t s , the above infor
mat ion is impor tan t w h e n des ign ing con
straints into the or thot ic j o in t s (such as 
" l i g a m e n t s t raps") o r the comple te or tho
s is , to p rov ide s tabi l i ty for specif ic l iga
m e n t insuff ic iencies . 

T h e or thot ic l igament s t raps are o r i en ted 
and located in relat ion to the or thot ic ar
t icular surfaces so as to funct ion s imi la r to 
the natural knee l i gamen t s . T h e straps se 
quent ia l ly t ighten wi th in the f lexion range , 
such that the i r l ines o f ac t ion (when taut) 
can assist in the restraint o f the array of 
external load cond i t ions desc r ibed above . 
T h e l igament s traps, in con junc t ion wi th 
changes to the or thot ic interface (to b e de
sc r ibed in a later report ) , p rov ide s tabi l i ty 
to the anatomical ly shaped or thot ic jo in t 
surfaces, and can b e ta i lored to hand le spe
cific l igament insuf f ic ienc ies . 



Figure 5: Sketch shows how the various components of knee joint motion can occur with the proposed orthotic 
joint design. Medial-lateral displacement is the only motion not allowed. 



MECHANICAL 
VERIFICATION OF 
THE DESIGN 

The authors have previous ly repor ted a 
procedure for compar ing the efficacy o f 
or thot ic knee jo in t s , b a s e d upon their ten
dency to produce p i s ton ing (refer to Lew, 
et. al. 1 9 8 2 2 for detai ls) . P i s ton ing trans
ducers were des igned , w h i c h were capab le 
o f b e i n g in te rchangeab ly incorpora ted into 
the s idebars of var ious or thot ic jo in t de
s igns . A s a subjec t wea r ing an evaluat ion 
or thos is per formed functional ac t iv i t ies , 
the t ransducers on the media l and lateral 
or thot ic jo in t s idebars would directly m e a 
sure the resul t ing p i s ton ing cons t ra in t 
forces genera ted b y the conflict b e t w e e n 
the s impl i f ied or thot ic jo in t mo t ion and the 
complex natural j o in t mo t ion . Th i s p roce
dure w a s used to c o m p a r e the p i s ton ing 
tendency of the proposed anatomically 
shaped orthotic joints (the collateral de
sign) with three commonly used, commer
cially available orthotic joint designs: 

s ingle axis h inges , pos ter ior offset h i n g e s , 
and polycentr ic h inges . The resul tant p i s 
ton ing const ra in t forces were measu red as 
a subjec t performed loaded and un loaded 
f lexion, level wa lk ing , ge t t ing in /out o f a 
chai r , and c l i m b i n g up /down a s tep . 

F igure 6 presents the c o m b i n e d results 
ove r all the act ivi t ies , for each jo in t des ign , 
the m e a n and s tandard devia t ion of the 
c o m b i n e d resultant p i s ton ing forces , and 
the normal ized m e a n forces. T h e data 
sugges ts that the p roposed or thot ic j o in t s , 
because of the i r s emi -cons t r a ined , ana
tomical ly shaped des ign , genera ted an 
average o f 76 percent less p i s ton ing con
straint than the commerc ia l ly avai lable 
jo in t des igns (p .01) . Also note that there 
is n o statist ical s igni f icance in the differ
ences a m o n g the p i s ton ing forces of the 
three commerc ia l ly avai lable j o in t des igns . 

DISCUSSION 
In summary , an improved orthot ic knee 

jo in t sys tem has b e e n des igned , based 

Figure 6: At left is a 
summary of the resultant 
pistoning constraint forces for a 
combination of all the test 
activities for each joint design. 
The means and standard 
deviations of the resultant 
pistoning forces are presented, as 
well as the normalized mean 
resultant pistoning forces over 
the four joint designs. 



upon b iomechan ica l pr inc ip les assoc ia ted 
wi th knee mo t ion and l igament mechan i c s . 
The orthotic jo in t articular surfaces are ana
tomically shaped and semi-const ra ined, 
so as to allow a c lose approx imat ion of the 
c o m p o n e n t s o f natural knee mo t ion , par
t icularly the anter ior -pos ter ior roll ing and 
s l id ing wh ich accompan ie s knee flexion 
and ex tens ion . S tabi l i ty is added to the 
or thot ic jo in t sys tem through var ious con
f igurat ions o f inex tens ib le dacron straps 
c ross ing the jo in t s . T h e prec ise locat ion 
and or ien ta t ion of these l igament straps is 
de t e rmined b y a mathemat ica l model . 

T h e functional result of this des ign con
cept is that the or thot ic j o in t mot ion can 
c losely ma tch the mo t ion pa thways of the 
natural k n e e , except at part icular poin ts in 
the range o f mo t ion w h e r e extra s tabi l i ty is 
added to the or thot ic j o in t s and interface to 
c o m p e n s a t e for soft t issue insuff ic iency. 
T h i s i m p r o v e m e n t w a s demons t ra ted b y 
the fact that in a mechan ica l evaluat ion , the 
p roposed or thot ic j o in t s genera ted an av
erage of 76 percent less p i s ton ing con
straint force than o the r current ly popular 
j o in t des igns . T h u s , the improved des ign 
more c losely ma tches natural knee mo t ion , 
decreas ing the effects of the b i n d i n g , m o 
t ion res t r ic t ion , and discomfort , often as
soc ia ted wi th p i s ton ing . 

A n o t h e r advantage of the ana tomica l 
or thot ic j o in t s is the i r h igh degree of varia
bi l i ty ; that is , var ious jo in t parameters can 
b e ta i lored to address specif ic soft t i ssue 
p r o b l e m s . M a n y var ia t ions of soft t i ssue 
ins tab i l i ty exis t , due to the invo lvement o f 
indiv idual o r c o m b i n a t i o n s of knee l iga
men t s and/or capsular s t ructures , each 
wi th its o w n ins tabi l i ty d i rect ion. M a n y o f 
the current , commerc ia l ly avai lable or
thot ic j o in t s canno t b e modi f ied to handle 
specif ic l igament p rob lems , as one des ign 
is used regardless of the type of soft t i ssue 
insuff ic iency present . 

T h e fol lowing are some of the potent ia l 
var ia t ions of the bas ic p roposed or thot ic 
jo int designs. The mathematical model can 
b e easi ly adapted to compute locat ions of 
l igament straps wh ich t ighten at o ther 
flexion angles of in teres t (bes ides the 0°, 
45° , and 90° straps of the bas ic des ign) . 

It is also poss ib le to des ign var ious hy
br id strap conf igura t ions b y c o m b i n i n g 
one or more l igament straps from the cruci
ate and/or collateral jo in t des igns . For 
example , an individual p resen t ing wi th an 
an te ro-media l rotatory ins tabi l i ty resul t ing 
from an anter ior crucia te and media l collat
eral l i gament deficit m a y requi re a hyb r id 
c o m b i n a t i o n of the anter ior cruciate and 
collateral strap conf igura t ions . 

O t h e r v a r i a b l e s are the cu rva tu re s 
o f the ar t iculat ing surfaces of the or
thot ic jo in t s . For example , g iven a person 
wi th a total knee rep lacement r equ i r ing 
or thot ic t rea tment , the or thot ic jo in t c o m 
ponen t curvatures and s t rapping conf igu
ra t ion can b e tai lored to match the geom
etry of the internal implant . Appl ica t ion o f 
the or thot ic jo in t des igns to specif ic cl inical 
s i tua t ions will b e desc r ibed b y several case 
s tudies p resen ted in a later report . 

T h e degree of su spens ion or f ixation of a 
knee or thos is to the lower l imb is in t i 
mate ly related to the mo t ion pa thways al
lowed b y the assoc ia ted or thot ic j o i n t s . 
S ince the mo t ion of mos t current ly avail
able or thot ic j o in t s does not ma tch natural 
knee k inemat ics closely e n o u g h , a t ight
ly f i t t ing interface wil l just magnify the 
p i s ton ing const ra int . Th i s s i tuat ion wou ld 
be part icularly harmful , for example , if an 
or thos i s was in t ended to protect surgical ly 
recons t ruc ted knee l igaments , s ince the 
p i s ton ing const ra in t m a y cause s t re tching 
of the hea l ing t i s sue . O n the o ther hand , if 
the interface c o m p o n e n t s were not t ight ly 
fitting to relieve the effects of the pistoning 
cons t ra in t , the or thos i s w o u l d no t p rov ide 
the necessa ry s tabi l i ty to the jo in t . T h u s , 
i m p r o v e m e n t s to the interface suspens ion 
are l imi ted b y or thot ic jo in t k inemat i c s . 

H o w e v e r , in the case of the p roposed 
or thot ic j o in t s , it w a s demons t ra ted that 
the mo t ion m i s m a t c h and resul tant p i s 
ton ing were reduced, t he reby set t ing the 
stage so that improvemen t s to the or thot ic 
interface can be rea l ized . T h i s also wil l b e 
dealt w i th in great detail in a later report . 

In a s u b s e q u e n t report , the inc lus ion of 
the improved or thot ic jo in t s in a comple ted 
knee or thos is wil l b e desc r ibed . S o m e o f 
the top ics inc luded wil l b e the b i o m e c h -



anics of knee orthotic suspension, suspen
s ion i m p r o v e m e n t s c o n t a i n e d in the 
Northwestern orthosis system, fabrication 
details, and a group of case studies show
ing the adapt ion of the orthosis system to 
specific knee l igament problems. 
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Fabrication and Fitting Instructions: 
Trilateral Perthes Orthosis 
(Developed by M.A. Tachdjian, M.D. 
and Loren D. Jouett, C.P.O.) 
Carlton Fillauer, C.P.O. 
Charles H. Pritham, C.P.O. 

Legg-Pe r thes ' d i sease , o s t eochondros i s 
o f the femoral head , is a cond i t i on that 
affects the femoral head o f pre -adolescents , 
pr imar i ly boys o f three to ten years of age . 
For some u n k n o w n reason, the femoral 
head suffers an ep i sode of avascular necro
sis fol lowed b y spon taneous regenera t ion 
of the b o n e . Dur ing the process , the head is 
mal leab le , and , if sub jec ted to deforming 
forces, wi l l adopt a f lat tened aspect that can 
eventual ly cause pa in and arthri t is . 

To preclude this poss ib i l i ty , a n u m b e r o f 
t rea tment s c h e m e s have b e e n deve loped 
over the years . M a n y o f t hem rely on the 
so-cal led con t a inmen t theory. T h i s holds 
that , if the femoral head is he ld ins ide the 
ace tabu lum as the b o n e regenera tes , it wil l 
adopt a normal congruen t aspect . To 
ach ieve the pos i t ion of con ta inmen t , the 
femur is abduc ted and internal ly rotated. 
In addi t ion to these cr i ter ia , the Trilateral 
Per thes O r t h o s i s 1 endeavors to u n w e i g h t 
the femur w i th ischial-gluteal we igh t -
bea r ing . In contras t , the Toronto O r t h o s i s 2 

rel ies on bi lateral abduc t ion and internal 
rotat ion and d i spenses w i th the we igh t -
bea r ing c o m p o n e n t , and the Scot t i sh Ri te 
O r t h o s i s 3 re l ies solely on bi lateral a b 
duct ion . 

T h e or thos is desc r ibed in this article is 
essent ia l ly the same as w a s or iginal ly de
sc r ibed by M i h r a n A . Tachdj ian , M . D . and 

Loren D . Jouet t , C . P . O . in the i r article o f 
1968. Tha t or thos is (Figure 1) inc luded a 
media l upr ight w i th knee j o in t and drop 
lock and a pat ten b o t t o m . A n ischia l -g lu
teal b r i m u n w e i g h t e d the affected h ip . T h e 
media l edge o f the b r i m was purpose ly fit 

Figure 1: Trilaterial orthosis as originally described 
by Tachdjian and Jouett. 



h igh e n o u g h to cause discomfort if the pa
t ient adducted to 20° or less . T h i s , in c o m 
b ina t ion wi th the l eng then ing o f the distal 
c o m p o n e n t s , encouraged abduc t ion . T h e 
pos te r ior por t ion of the socket , p roximal o f 
the i schia l seat , w a s fit h i g h to e n c o m p a s s 
the infer ior por t ion o f the bu t tock and to 
b lock external rota t ion. T h i s , in c o m b i n a 
t ion wi th the strap on the s h o e , encouraged 
internal rotat ion. 

T h e c o m b i n a t i o n o f the three fac tors— 
unwe igh t i ng of the l i m b , abduc t ion , and 
internal ro ta t ion—strove to accompl i sh the 
goals of pro tec t ing the d i seased h ip and 
m a i n t a i n i n g it in the proper pos i t ion for 
hea l ing . T h e st irrup w a s r ivet ted to the 
shoe and free to m o v e up and d o w n and 
rotate on the round sl ide guide ex tens ion 
bar . A spr ing r u n n i n g from the e n d of the 
sl ide gu ide ex tens ion to the s t i rrup pro
v i d e d suspens ion , a n d a 2"-2 1/2" c o m p e n 
satory lift on the contralateral shoe c o m 
pleted the or thot ic des ign . 

The re have b e e n , o f course , o the r de 
s igns s imi la r to the des ign o f Tachdj ian and 
Joue t t . W r i t i n g in 1970, G l imche r , Rad in , 
and A m r i c h 4 de sc r ibed an or thos i s they 
referred to as the Pogo St ick Brace (Figure 
2) . L ike the Trilateral Or thos i s , th is dev ice 
incorpora ted p rov i s ions for ischial -gluteal 
we igh t -bea r ing , abduc t ion , and internal 
rotat ion. Unl ike the Trilateral O r t h o s i s , it 
a t tempted to reduce forces on the h ip to the 
abso lu te m i n i m u m b y reduc ing the act iv
ity of the h ip abductors . T h e authors cor
rectly a rgued that the muscula r forces act
ing on the h ip were , in some phases o f gait , 
m a n y t imes the b o d y we igh t a n d ci ted in 
suppor t o f this fact the work o f Inman , 
Paul , and Rydel l . T h e i r dec i s ion to e l imi 
nate the abduc t ion forces on the h ip is , of 
course , a logical ex tens ion o f the dec i s ion 
to e l imina te w e i g h t - b e a r i n g . 

Th i s ob jec t ive of e l imina t ing abduc t ion 
forces was to b e accompl i shed not just b y 
pu t t ing the h ip abductors in a re laxed po
s i t ion , b u t also b y d e n y i n g the lever arm 
(the leg in this case) any purchase . To this 
end , there was n o r ig id a t t achment to the 
pa t ien t ' s leg distally. A n "ank le b a n d re
t a ine r " cons i s t ing of spr ing steel , abou t 12 
inches long, and b e n t in a " U " shape , was 
fas tened to the weigh t -bear ing pylon tube . 

A loose Velcro® strap laterally comple ted 
the re ta iner . T h i s re ta iner and its strap 
were loose e n o u g h that n o mechan ica l pur
chase could b e o b t a i n e d by the leg. Indeed , 
the parents of the chi ld b e i n g fitted were to 
modify h i s pants legs to very loose overs ize 
bel l b o t t o m s so that no s tabi l iza t ion from 
that source could b e ob t a ined . A shoulder 
strap to suspend the or thos i s w a s to b e 
worn , as wel l as a spr ing wire dorsif lexion 
ass is t o r thos i s o n the involved s ide . A 
3 1/2"-4" bu i ldup on the contralateral shoe 
comple ted the prescr ip t ion . T h e authors 
stated that the first chi ld had b e e n fitted in 
March of 1964 and that at the t ime of wri t 
ing , 24 chi ldren had b e e n fitted. 

Figure 2: Pogo stick brace as described by Glimcher, 
Radin, and Amrich. Illustration reprinted from the 
original article (4) and used with the permission of the 
editor and authors. 



Figure 3: Abduction orthosis described by Birkeland 
and Zettl. Illustration reprinted from the original ar
ticle (5) with the permission of the editor and authors. 

In 1974, Bi rke land and Z e t t l 5 desc r ibed 
ano ther var ia t ion on the same t h e m e . Th i s 
(Figure 3) cons i s t ed of the n o w famil iar 
plast ic trilateral socket , a media l weight -
bea r ing pylon tube , and an abduc t ion ba r 
a t tached to the pat tern bo t t om and to the 
pa t ien t ' s shoe to hold the leg in abduc t ion 
and in ternal rota t ion. A shoulder strap and 
s o m e t i m e s a S i l es ian b a n d were used to 
suspend the or thos i s , and , l ike the pogo 
des ign , n o prov is ion w a s m a d e for knee 
f lexion. 

B i rke land and Zett l del iberate ly e l imi 
nated all m o v i n g parts from the or thos is 
and ci ted as the advantages of such a 

m o v e ruggedness of des ign and m i n i m a l 
m a i n t e n a n c e . Apparent ly , little res t r ic t ion 
of pa t ien t ' s act ivi t ies were exper i enced , for 
t hey d e s c r i b e d i n s t a n c e s o f c h i l d r e n 
c l i m b i n g t rees , r id ing b i cyc le s , and play
ing baseba l l wi th the or thosis on . T h e au
thors s ta ted that they had had six years 
exper ience w i th th is des ign and that it w a s 
the i r prescr ip t ion of cho ice for unilateral 
invo lvement . For ins tances of bi la teral in
vo lvemen t they re l ied on the N e w i n g t o n 
and Toronto or thoses . 

B i rke land and Zet t l , as did the o ther au
thors c i ted , desc r ibed the use of a shoe lift 
(approximately 2 1/2"-3 1/2") on the oppos i te 
s ide. T h e y felt that use of such a lift was 
necessa ry to prevent the chi ld from bea r ing 
we igh t on the involved l i m b . W i t h o u t the 
lift it wou ld b e poss ib le to flex the knee of 
the sound s ide , adduct the h ip of the in
vo lved leg, and b e a r we igh t th rough the 
abduc t ion bar . T h e use of a lift on the 
s o u n d s ide mean t that so m u c h flexion of 
the invo lved h ip w o u l d b e necessary that it 
wou ld qu ick ly b e c o m e uncomfor tab le . 

In contrast , the trilateral or thos is de
pends on the length of the media l suppor t 
b a r and pat ten b o t t o m as wel l as the dis
comfort of the media l b r i m to hold the leg 
in abduc t ion . T h i s , of course , obvia tes the 
expense o f ob t a in ing and m a i n t a i n i n g a lift 
o n the oppos i t e shoe . 

It has also b e e n argued that a shoe lift is 
necessa ry to protect the d i seased h ip 
should the pa t ien t adduct it. T h e theory is 
that i f the chi ld is not w e a r i n g a shoe lift, 
and if he adducts the involved l i m b , then a 
state of pelvic ob l iqu i ty will result and an 
ex t reme amoun t of the femoral head will b e 
exposed laterally. If h e is wear ing a shoe lift 
on the oppos i te s ide , a n d if he should ad
duct to the neutral pos i t ion , at the very 
least , he wil l not b e expos ing an ex t reme 
propor t ion o f the femoral head even i f the 
pos i t ion is undes i rab le . 

T h e p rob lem wi th this a rgument is that if 
the pat ient is f i t ted w i th a shoe lift, and if 
the pelvis is to b e level , then the or thos i s 
mus t b e adjusted to es tab l i sh a level pelvis . 
T h e result is the same re la t ionship as wi th 
out a shoe lift, only the ch i ld is 2 " - 3 " taller. 
In contrast to this theory, the authors con-



Figure 4: View of orthosis showing relationship of 
parts and proper nomenclature. 

Figure 5: Tracing and measurements required. Solid 
line indicates the portion to be traced. Dotted line 
indicates patient's position. 

t end that the media l b r im should b e rel ied 
on to prevent adduct ion past a pos i t ion of 
20° abduct ion and should b e deliberately 
modi f ied so as to b e uncomfor tab le in th is 
pos i t ion . 

As or iginal ly desc r ibed b y Tachdj ian and 
Jouet t , the trilateral or thos is (Figure 1) w a s 
fabr icated wi th a s l ide guide ex tens ion bar 
m o u n t e d on the lateral s ide of the distal 
knee jo in t upr ight and unsuppor ted distally. Clinical exper ience in Chat tanooga , 
Tennessee led to the conc lus ion that th is 
a r rangement was too weak , and Durr-Fillauer adopted the presen t des ign (Figure 4) 
in the ve rs ion it n o w marke ts . Dates on the 
b luepr in t s o f parts for the prefabr ica ted 
kits reveal that work b e g a n in the early part 
of 1969. T h e present day des ign has re
m a i n e d subs tan t ia l ly u n c h a n g e d s ince 
then. 

Original ly , w h e n or thoses were central ly 
fabr icated, it was specif ied that the or tho-

tist mus t furnish full m e a s u r e m e n t s and a 
mold of the pat ient for the we igh t -bea r ing 
b r im . Howeve r , as was often the case , orthotists neglec ted to secure an impress ion 
of the pa t ient ' s leg before d i smi s s ing h i m 
from the office. As a conven i ence to orthotists in this p red icament , w e wou ld en 
deavor w h e n e v e r poss ib le to furnish a 
laminated b r i m from one of the mode l s on 
hand , se lected on the bas i s of the m e a 
su remen t s furnished b y the or thot is t . The 
resul t ing b r ims proved to b e so sui table 
that s o m e or thot is ts b e g a n order ing o n the 
bas i s o f measu remen t s a lone. O v e r a 
per iod o f four years , from 1 9 7 1 - 1 9 7 5 , a 
comple te range of b r im s izes accumula ted . 
Today, prefabr icated b r i m s are avai lable in 
a range of fourteen s izes , from 10 1/2"-17", 
in one -ha l f inch inc remen t s . 

Ind ica t ions for use of the Trilateral Per
thes Or thos i s inc lude t rea tment of uni lat
eral Legg-Per thes d isease in pre-adolescents. W h i l e the or thos is m a y b e used b i 
laterally, cons idera t ion should b e g iven to 
or thoses i n t ended for bi lateral involve
ment , such as the Scot t i sh Ri te Or thos i s . 



Exper ience has s h o w n that use of the trilat
eral or thos is bi lateral ly can b e very un
comfor tab le in the p e r i n e u m as wel l as dif
ficult to walk on. 

OBJECTIVES OF THE 
TRILATERAL PERTHES 
ORTHOSIS 

1. To hold the h ip in a pos i t ion of 
a. 30 degrees abduc t ion 
b . 1 0 - 1 5 degrees in ternal rotat ion 

2 . T h e app l i ca t ion of i sch ia l -g lu tea l 
we igh t -bea r ing to u n w e i g h t the h ip 

3. To permi t ambula t ion 

FABRICATION 
M e a s u r e m e n t s & Tracing: (Figure 5) 

1. Pa t ien t pos i t ion: A mid-sagi t ta l l ine , 
longer than the pat ient , is drawn on a 
shee t o f paper , and the pa t ien t is 
cen te red on the l ine: 
a. sup ine and wi th sp ine a l igned in a 

s traight m a n n e r 
b . sound l imb parallel wi th mid -

sagittal l ine 
c. affected l i m b — 3 0 degrees h ip a b 

duct ion , neutral ro ta t ion, knee 
ex tended , ankle neutral . 

2. Trace the affected l i m b from per i 
n e u m media l ly to above the iliac crest 
laterally. 

3. Indica te on t racing: 
a. p lantar surface of the foot 
b . knee jo in t center 
c. p e r i n e u m 
d. proximal edge of greater t rochan

ter of affected l imb (in 30 degrees 
o f abduc t ion ) . 

4 . Measu re and record on m e a s u r e m e n t 
shee t : 
a. length from plantar surface of the 

affected foot to the p e r i n e u m 
b . length from plantar surface to 

center of knee 
c. c i rcumference at p e r i n e u m 
d. c i rcumference 4" (10 .2cm) distal of 

the p e r i n e u m 

e. ana tomical anter ior -pos ter ior di
amete r from the ischial tuberos i ty 
to the adductor longus t endon 

f. med ia l - l a t e ra l d i a m e t e r at the 
p e r i n e u m and perpendicu la r to 
the long axis o f the leg. 

CASTING 
1. Drape pat ient w i th appropria te s ized 

cot ton s tockinet te from the wais t to 
the distal th igh on the affected s ide . 
S tock ine t te should b e slit media l ly to 
fit abou t p e r i n e u m and secured wi th 
an elastic strap and c lamps . If the cast 
is no t ex tended b e y o n d mid - th igh , it 
can a lways b e r emoved wi thou t cut
t ing. 

2 . Pos i t i on pa t i en t s t and ing on the 
s o u n d leg wi th pelvis level . The h a n d 
on the sound s ide is used to hold on to 
a table edge , cha i r back or some s imi 
lar ob jec t for ba lance . A box o f an ap
propr ia te s ize should b e used to rest 
the foot, and hold the leg in proper 
pos i t ion . 

3. U s e an inde l ib le penci l to mark on the 
s tockine t te the fol lowing landmarks : 
a. i schial tuberos i ty 
b . adducter longus t endon 
c. greater t rochanter 
d. super ior edge of the iliac crest 
e. p e r i n e u m 
f. mid- th igh 
g. us ing po in t s a, b , d, and e as a 

gu ide , draw a smoo th f lowing l ine 
to indica te proximal t r im l ine of 
socket . Inc lude the gluteus maximus poster ior ly ins ide the t r im 
l ine (Figure 7 ) . 

4 . W r a p the leg from above the proximal 
t r im l ine to the mid- th igh wi th the 
plaster of paris b a n d a g e . Before the 
b a n d a g e se ts , use the hands to inden t 
it and form the media l b r i m , Sca rpa ' s 
t r iangle , and pos ter ior seat . T h e is
chia l seat should b e perpendicular to 
the floor and the media l b r i m should 
b e parallel wi th the l ine of progres
s ion . 



Figure 6: Assembled orthosis showing relationship to 
patient's leg and vertical and horizontal reference 
lines. 

5. R e m o v e the cast w h e n it has set. T h e 
cast is sealed shut distally, the b r i m s 
are ex tended proximal ly to the he igh t 
o f the lateral edge , and the nega t ive 
mode l is poured wi th plaster of par is . 

MODIFICATION OF THE 
POSITIVE MODEL 

T h e pos i t ive mode l is modi f i ed in a 
fashion s imi la r to a quadri la teral socket : 

1. T h e A-P d iamete r of the b r i m m e 
dially is 1/4" ( 7 m m ) - 1 / 2 " ( 1 3 m m ) less 
than the recorded ana tomica l d i am
eter depend ing on size o f the pat ient 
and muscula ture . 

2 . T h e i schia l she l f is hor izonta l w i th the 
mode l in the des i red pos i t ion of 30 
degrees abduc t ion . 

3 . T h e M - L d iamete r o f the socket is the 
same as the recorded ana tomica l di
ameter , or n o greater than the proxi 
mal c i rcumference d iv ided b y three . 

4 . T h e media l b r i m is parallel to the l ine 
of p rogress ion and flared. It should b e 
h igh e n o u g h to i m p i n g e u p o n the 
pub ic r amus in less than 2 0 ° - 2 5 ° of 
h ip abduc t ion and 1/2" ( 1 3 m m ) - 3 / 4 " 
( 2 0 m m ) wide . 

5 . T h e proximal c i rcumference is re
duced 1/2" ( 1 3 m m ) - l " ( 2 5 m m ) less 
than the recorded c i rcumference , de
pend ing on pa t ien t s ize and t i ssue 
f i rmness . 

6. T h e distal c i rcumference is r educed to 
ana tomica l measu remen t . 

7. T h e pos te r ior b r i m is 3/4" ( 2 0 m m ) 
w i d e at the ischial tuberos i ty and ta
pers to no th ing laterally. 

8. Laterally the he igh t of the b r i m is at 
the iliac crest and poster ior ly it curves 
in a smoo th f lowing l ine to enc lose the 
infer ior por t ion of the gluteus maximus. Anter ior ly ove r the Sca rpas ' tri
angle and laterally of it, the b r i m 
flares ou tward for comfort and is 
t r i m m e d low enough to prevent im
p i n g e m e n t of the A S I S . Lateral of th is 
po in t it rapidly turns p rox imal to a 
po in t on the lateral s ide jus t infer ior of 
the iliac crest. T h e b r im in this reg ion 
exh ib i t s an outwardly rad iused edge 
to prevent pressure from a sharp edge 
w h e n the leg is abduc ted . 

LAMINATION 
1. T h e appropr ia te s ized trilateral k i t is 

se lected from a m o n g those avai lable 
(see Table 1 ) . 

2 . T h e modi f i ed pos i t ive mode l is pre
pared for vacuum lamina t ing in the 
usual fashion . 



Table 1. 

3. O n e layer of one-ha l f ounce dacron 
felt is appl ied to the mode l wi th ad
di t ional str ips abou t the b r i m . T w o 
layers of nylon s tockinet te are ap
pl ied ( three for large s izes ) . 

4 . T h e inser t furnished wi th the trilat
eral kit (e i ther # 3 1 3 7 or # 3 1 3 8 de
p e n d i n g on s ize) is con toured to fit 
abou t the mode l so that the longi tu
dinal por t ion of the inser t l ies a long 
the mid- l ine o f the media l wall of the 
mode l and parallel to the long axis . A 
p iece of scrap s ta inless steel appro
priately s ized (as long as the inser t 
and the same s ize as the knee j o in t 
upr ight) is se lec ted , secured in place 
to the inser t wi th a cap head screw 
proximal ly , and the adjus tment cl ips 
of the inser t are formed around it 
distally. Th i s p iece of s ta inless steel is 
a l amina t ing d u m m y and wil l form a 
recessed channe l in the l amina t ion 
for the proximal upr ight . 

5. T h e screw holes of the inser t are 
g reased w i t h vase l ine and it is 
wrapped in f iberglass . It is sand
w i c h e d b e t w e e n four layers of f iber
glass , and gauze is u sed to securely 
wrap it in place on the mode l . T h e 
f iberglass should extend jus t short of 
the t r iml ines . 

6. A n addi t ional two layers of nylon 
s tockinet te are appl ied ( three for 
large s izes) . 

7. T h e mode l is l amina ted wi th an 80 /20 
m i x of r ig id and flexible polyes ter 
res in . 

8. O n c e the l amina t ion has reached its 
peak exo the rm and wh i l e it is still 
p l iab le , a knife is used to t r im the 
p rox imal and distal t r im l ines ex
pos ing the distal e n d of the inser t and 
the l amina t ing dummy. The knife is 
u sed to r emove the l amina t ion from 
over the l amina t ing d u m m y whi l e 
leav ing the adjus tment cl ips of the 
inser t enc losed in plast ic . T h e cap 
head screw is r emoved and the 
l amina t ing d u m m y is dr iven out 
distally us ing a h a m m e r and p in 
punch . T h e socket is r emoved from 
the model wh i l e still wa rm. 

9. T h e socket is t r immed as fol lows: 
a. proximal—described under Mod

if icat ion of Pos i t ive M o d e l . 
b . d i s ta l—perpendicu la r to long axis 

and at level of distal e n d of insert . 
c. lateral keyho le—prox imal ly , the 

cutout is as h igh as the proximal 
edge of the greater t rochanter and 
as w i d e in the anter ior and post-



er ior d i m e n s i o n , distally the cut
out mee t s the distal edge in 
smooth f lowing curves . 

d. T h e screw holes (8-32 for small 
3 1 3 8 , or 10-32 for large 3137) are 
drilled clear and re tapped. 

e . All edges are f in ished and buffed. 

LAYOUT 
(Figure 6) 

1. Draw a l ine parallel wi th the lon
gi tudinal (parasagit tal) axis of the leg 
a n d 1/4" ( 7 m m ) med ia l of the media l 
condy le o f the knee from the per i 
n e u m to a po in t wel l distal o f the foot. 
T h i s b e c o m e s the media l longi tud i 
nal reference l ine and the or thos i s 
wil l b e laid out along it. 

2 . Transfer the he igh t s o f the knee jo in t 
cen te r and o f the p e r i n e u m to the 
drawing measu r ing proximal from 
the sole of the foot. 

3. Draw a l ine parallel and 3/4" ( 2 0 m m ) 
distal of the ana tomica l knee jo in t 

center . Th i s wil l b e the or thot ic k n e e 
j o in t center . T h e or thot ic knee j o in t is 
fit distal to the anatomical so that 
w h e n the pa t ien t knee ls , we igh t wil l 
be transferred th rough the or thos i s 
and not through the leg. 

4 . Draw a l ine parallel and 1 3 /4" (45 m m ) 
distal of the sole of the foot. Th i s is 
c learance for the pat ten bo t tom. 

5. Draw a l ine perpendicu la r wi th the 
midsagi t ta l l ine such that it in tersects 
the point def ined b y the pa t ten bo t 
tom l ine (step 4 above ) and the media l 
longi tudinal reference l ine (s tep 1 ) . 
T h i s is the floor l ine and it , in con
junc t ion wi th the two l ines m e n 
t ioned in s teps 4 and 5, def ines the 
pos i t ion of the pat ten bo t tom. 

ASSEMBLY OF THE 
ORTHOSIS 

(Figures 4 , 7) 

1. T h e knee j o in t a s sembly is la id out 
a long the med ia l reference l ine and 

Figure 7: Layout of reference lines on the tracing for construction of the orthosis. 



the knee suppor t b a r ( # 3 1 1 1 or 
# 3 1 1 2 ) is con toured proximal ly so 
that the distal surface of the r u b b e r 
b o t t o m ( # 3 1 1 8 ) o f the pa t ten b o t t o m 
( # 3 1 1 4 , # 3 1 1 5 , # 9 4 3116) l ies paral
lel to , and on , the floor l ine . 

2 . Con tou r the adjus tment clip o f the 
pat ten b o t t o m upr ight about the 
suppor t ba r and adjust the upr ight 
and suppor t b a r to the p roper 
length . 

3. To r emove excess mater ia l from the 
suppor t bar , cut it off 1/2" (13 m m ) 
distal to the distal screw ho le of the 
pa t ten bo t tom plate upr ight . 

4 . Drill and coun te r s ink a hole (8-32 
b o d y drill) for the a t tachment screw 
at the distal sc rew hole o f the pa t ten 
b o t t o m plate. 

5 . A s s e m b l e the upr ight gu ide b a r 
( # 3 1 2 1 , # 3 1 2 3 , # 3 1 2 5 , # 3 1 2 6 , 
# 3 1 2 7 , # 3 1 2 9 , or # 3 1 3 1 ) and the 
pa t ten b o t t o m plate. In a fashion 
ident ica l to s teps 2 , 3 , & 4 above , 
the distal upr ight of the knee jo in t 
( # 3 6 5 , # 3 6 6 , # 3 6 1 , # 3 6 2 , # 3 7 1 , 
# 3 7 2 , # 3 7 5 , o r # 3 7 6 ) is cut to length 
and it and the upr ight gu ide bar are 
a s semb led together . 

6. Excess material is removed from the 
p rox imal knee jo in t upr ight ( # 4 0 0 , 
# 4 0 2 , # 4 0 3 , or # 4 0 4 ) so that the m e 
dial b r i m co inc ides w i t h the per i 
n e u m . A screw hole (8-32 b o d y drill 
# 1 9 ) is dri l led and coun te r sunk in 
the upr ight for a t t achment to the 
p rox imal ho le o f the inser t in the 
trilateral socket . 

7. T h e or thos is is d i s a s sembled and all 
cut edges are smoothed and rounded 
and it is f in i shed in the usual fash
ion. 

8. T h e hee l o f the shoe is r emoved and 
a " D " r ing on a lea ther chafe is s ewn 
b e t w e e n the wel t and the sole in the 
v ic in i ty of the first metatarsal head . 

9 . T h e s t i r rup ( # 2 0 0 1 , # 2 0 0 2 , o r 
# 2 0 0 4 0 ) is r ive ted to the shoe in the 
usual fashion. If des i red , a layer of 

lea ther can b e used to cover the area 
of the st i rrup. 

1 0 . T h e l o c k c o l l a r ( # 3 1 0 5 L G o r 
# 3 1 0 5 S M ) , c o m p r e s s i o n s p r i n g 
( # 3 1 0 7 or # 3 1 0 9 ) , s l id ing collar 
( # 3 1 0 8 or # 3 1 0 6 ) wi th b road head 
d o w n and st irrup are a s s e m b l e d on 
the upr ight gu ide ba r in that order . 

1 1 . T h e gu ide b a r is a s s emb led on the 
p a t t e n b o t t o m . T h e h e x n u t 
( # 8 8 5 1 4 5 or # 8 8 5 1 6 0 ) is t igh tened to 
lock the two toge ther so as to pre
ven t m o t i o n and wear . 

12. T h e distal knee jo in t upr ight , sup
port ba r , gu ide bar , and upr ight of 
the pat ten bo t t om are a s s e m b l e d 
w i t h the appropr ia te sc rews , lock-
w a s h e r s , a n d b a c k i n g nuts . 

13 . T h e drop lock is pu t in place and the 
trilateral socket is a s s emb led o n the 
p rox imal upr igh t wi th the appropr i 
ate screw. 

14 . A leather strap w i th the buck le on 
o n e e n d is passed through the " D " 
r ing on the s h o e , abou t the pa t ten 
b o t t o m upr ight , and is fas tened to 
itself. Th i s strap will in ternal ly ro
tate the leg w h i l e the pressure o f the 
socket agains t the gluteus m e d i u s 
wil l p revent external rotat ion o f the 
or thos is . 

FITTING 
1. T h e or thos i s is d o n n e d w i t h a layer 

of s tockine t te on the th igh . 

2 . T h e pa t ien t is checked s t and ing , in 
3 0 ° - 4 0 ° of abduc t ion , for a level pel 
vis and proper ischial we igh t -bea r 
ing . If the pat ient compla ins of dis
comfort in the region of the pub i c 
r amus , and i f he is s t and ing in a b 
duct ion , check to b e sure that the 
i schia l tuberos i ty is on the ischial 
seat . If the i schia l tuberos i ty is s l ip
p i n g into the socket a loose fit 
shou ld b e suspec ted and addi t ional 
socks added . O n l y as a last resort 
should the med ia l b r i m b e m o d i -



fied—and only then minimally—bear
ing in mind that the orthosis is intended 
to be uncomfortable in a position of 
adduction. The stirrup should be in 
about the middle portion of the upright 
guide bar. The toe strap should be 
adjusted to maintain the leg in internal 
rotation. 

3. W i t h the pat ient knee l ing , check to 
b e sure that w e i g h t is b o r n e through 
the or thos is and not through the 
leg. If necessary , adjust the up
r ight above and be low the knee to 
provide knee l ing we igh t -bea r ing 
through the or thos is and yet ma in 
tain the p roper overall he igh t . 

4 . W i t h the pa t ien t wa lk ing , check for 
abduc t ion and internal rotat ion. T h e 
st irrup should b e checked to make 
sure it does no t " b o t t o m o u t " (con
tact the meta l at the ends of the 
gu ide bar) proximal ly or distally. 
T h e lock collar should b e adjusted so 
that compres s ion of the spr ing pro
v ides suspens ion of the or thos is 
w i thou t undue pressure in the per i 
n e u m w h i c h wil l cause discomfort . 
If necessary , the spr ing and/or the 
s l ide collar m a y b e cut to reduce the 
pressure . 

5. R e c h e c k and t ighten all sc rews . 
Lockti te® m a y b e used on the knee 
jo in t screw. 

The pa t ien t and parents should b e in
structed in the pr inc ip les of the or thos is 
and to expect d i scomfor t—media l ly , i f the 

or thosis is adducted , and over the ischial 
tuberos i ty for the first few days . The pa
t ients should b e encouraged to a t tempt 
in ternal rotat ion and abduc t ion dur ing 
ambula t ion . T h e y should b e ins t ructed in 
care of the or thos is . T h e parents should b e 
advised to supervise the pa t ien t ' s wa lk ing 
ini t ia l ly and to p reven t such gait devia
t ions as h o p p i n g or vaul t ing from b e c o m 
ing hab i t s that canno t b e u n d o n e . 

Ini t ial sh r inkage m a y b e expec ted dur ing 
the first few w e e k s and m a y well necess i 
tate addi t ional socks to ma in ta in proper fit. 
Eventual ly growth and. increase in the pa
t ient ' s s ize should offset this decrease in 
c i rcumference . 
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INTRODUCTION 
T h e knee jo in t that is uns tab le in the 

sagit tal p lane can b e control led b y us ing 
one of three types o f o r thoses : k n e e , k n e e -
ankle-foot , or an ter ior floor reac t ion or tho
sis . If the ankle mor t i se is unaffected, a 
knee or thos is a lone , wi th a mechan ica l 
locking m e c h a n i s m , can effectively guard 
agains t inadver tent knee f lexion. The re are 
m a n y des igns of knee o r thoses that wi l l 
accompl i sh this as long as su spens ion can 
b e ach ieved and tolerated. T h i s form o f 
ambu la t ion wi th locked knees lends for a 
r ig id , energy- inef f ic ient gai t pat tern . 

T h i s s ame gait pat tern is demons t ra ted 
w h e n the pa t ien t wi th an uns tab le ex t rem
ity uses the knee-ankle- foot or thosis and 
drop lock m e c h a n i s m . Al though the K A F O 
solves the suspens ion p rob lem and con
trols an uns tab le ankle mor t i s e , it still of
fers an energy- inef f ic ient gait pat tern, in
terferes wi th ba lance m e c h a n i s m s , and is 
heav ie r than the knee or thos is . 

In pa t ien ts w i th cerebra l palsy, l abored 
gai t assoc ia ted wi th excess ive knee f lexion 
in s tance phase has p resen ted the o r tho
paedis t and orthot is t wi th s ignif icant dif
ficult ies in t rea tment . Crouch gait c o m 
m e n c e s w i th overac t iv i ty of the h a m 
s t r ings , w h i c h increases knee f lexion, and 
thus requi res large increases in quadr iceps 

force to s tabi l ize the k n e e 2 (Figure 1 ) . Cal
caneus deformity, a k n o w n compl ica t ion o f 
ove r l eng thened hee lcords fo l lowing tendo-Achilles l e n g t h e n i n g s , also s igni f i 
cant ly adds to further p rogress ion of 
c rouch gai t . R e a s o n s c i ted for th is compl i 
ca t ion inc lude overcor rec t ion , failure to 
protect the heelcords postoperat ively , and 
l eng then ing of the t endo-Achi l l es w h e n 
s ignif icant h ip and knee- f lex ion deformi
t ies r ema in uncor rec ted (Figure 2 ) . 

THE SALTIEL ANKLE-FOOT 
ORTHOSIS 

In J u n e 1969, J i m m y Salt iel desc r ibed an 
ankle foot or thosis w h i c h was des igned to 
s tabi l ize the paralyzed l imb wi thou t l im
i t ing knee m o v e m e n t . T h e brace ex tended 
on ly as h igh as the knee j o in t and w a s con
structed from a re inforced l amina te poly
ester plast ic . H e s ta ted, " E v e n a totally 
para lyzed knee is usual ly s table in the A P 
or sagit tal direct ion w h e n in full ex ten
s i o n . " 1 T h i s pr inc ip le involves ha rness ing 
the floor react ion a n d d i rec t ing it to the 
an ter ior aspect o f the distal shank , thus 
s tab i l iz ing the j o in t in ex tens ion . T h e b race 
acts as a first-class lever and the plantar-
flexed at t i tude at the ankle ut i l izes the ful
c rum es tab l i shed b y the distal t r iml ine o f 



Figure 1: Line of application of floor reaction force. Contrast the line of application of the floor reaction force in the 
two children. Excessive arm swing and trunk movements of the patient with spastic diplegia cause early aft shear 
and anterior alignment of the line of application of floor reaction force. Flexion torque of the hip is excessively 
high in early stance, necessitating straining action of the gluteus maximus. Knee flexion torque is normal initially 
but progresses to pathologically high levels in late stance, necessitating straining action of the quadriceps femoris. 
(From Sutherland, D.H. and Cooper L., "The Pathomechanics of Progressive Crouch Gait in Spastic Diplegia," 
Orthop Clin. N. Am., 9(1):150, 1978. Reproduced with permission.) 

the footplate at the metatarsal heads (Fig
ure 3 ) . 

T h e Sal t iel ankle foot o r thos i s emp loys 
the p lantar f lexion-knee ex tens ion couple 
s een in normal gai t . At hee l s t r ike in the 
gait cyc le , the quadr iceps is eccentr ical ly 
cont rac t ing to control knee f lexion, t he reby 
a l lowing for s m o o t h decelera t ion . T h i s 
con t inues unti l the cen te r of m a s s passes in 
front of the knee , at w h i c h t ime there is 
cessa t ion of f ir ing of the quadr iceps . F rom 
that po in t on in the gai t cyc le , k n e e ex ten
s ion is caused by the p lantar f lexion-knee 
ex tens ion couple unde r the control of the 
eccent r ica l ly con t rac t ing t r iceps surae . 

T h i s , in addi t ion to the r igid i m m o b i l i z a 
t ion of the ankle mor t i se , enab les the 
t ransference o f the floor reac t ion to the 
front of the knee resul t ing in a b i o m e c h a n i c 
ass i s tance of knee ex t ens ion . 

W i t h inc reased plantarf lexion at the 
ankle , the m o m e n t is inc reased (Figure 4 ) . 
W i t h res idual knee f lexion cont rac tures of 
ten degrees o r more , the floor reac t ion 
passes at or b e h i n d the k n e e , thus great ly 
reduc ing the knee ex tens ion m o m e n t to a 
po in t w h e r e an actual f lexion m o m e n t is 
genera ted once hams t r ing contractures ex 
ceed about fifteen degrees . 



Figure 2: A typical crouch gait pattern in cerebral 
palsy. Note the effect of the overlengthened heel cord 
resulting in the calcaneous deformity. 

Figure 3: The Saltiel ankle foot orthosis. (From, Saltiel, J . , "A one-piece laminated knee locking short leg 
brace," Orthot. Pros., 23:7, June 1969.) 

Figure 4: Biomechanics of the anterior floor reaction 
orthosis. 
A. Shows ten degrees of plantarflexion. The more 
plantarflexion the ankle is set in, the greater the knee 
extension moment. 
B. In neutral position note the reduction of D1 re
sulting in the reduction of the extension moment. 
C. Shows 15 degrees of dorsiflexion. At 15 degrees of 
dorsiflexion or greater, the ground reaction force 
passes behind the knee resulting in the generation of 
a flexion moment. 

T h e Salt iel type ankle foot or thos is is 
very effective wi th the unilateral ly in
volved paralytic l i m b that readi ly ach ieves 
full knee ex tens ion and is s table mediolaterally. T h i s or thos is was or iginal ly de
ve loped for use wi th the pos t -pol io lower 
l imb and did, in many cases , preclude the 
need for a knee ankle foot o r thos i s . It 
should b e noted, however , that this par
t icular des ign canno t b e appl ied bi lateral ly 
w i thou t s ignif icant dependence on auxil
iary wa lk ing aids to improve ba lance . Th i s 
is because w i th bi la teral fixed e q u i n u s of 
the o r thoses , the cen te r of gravi ty is forced 
b e h i n d the base of suppor t wi th resul tant 
loss o f b a l a n c e . 3 

Because o f these l imi ta t ions and because 
m a n y cerebra l palsy pa t ients r equ i re bi lat
eral appl ica t ion , w e modi f i ed the Salt iel 
des ign to use w i th these ch i ldren . The 
pr incipal differences in des ign inc lude a 
shor ter proximal t r iml ine and an angula
t ion at the ankle w h i c h w e de te rmine for 
each pat ient . 



T h e purpose of this paper is to r ev iew the 
use of the anter ior floor react ion or thos is in 
pat ients w i th cerebra l palsy and , by do ing 
so , to out l ine the p re requ is i t es and specif i
ca t ions for prescr ip t ion . 

CLINICAL APPLICATION 
T h e charts o f 11 pa t ien ts w e r e r ev iewed . 

E igh t pa t ients h a d had cl inical e x a m i n a 
t ions only, and three had also b e e n eval
uated b y compute r i zed gait analys is in the 
Gai t Analys i s Labora to ry at N e w i n g t o n 
Ch i ld ren ' s Hospi ta l . N i n e pa t ien ts had b i 
lateral an ter ior floor react ion or thoses and 
two used the o r thos i s unilaterally. T h e 
average age at del ivery of the or thosis was 
10 .5 years (range 3 .9 years to 16 .2 years) . 
Pr ior to us ing the an ter ior floor react ion 
o r thos i s , five of the 11 pat ients h a d used 
bi la tera l po lypropy lene knee-ank le - foo t 
or thoses w i th drop lock knee m e c h a n i s m s ; 
one had used a doub le upr ight conven 
t ional K A F O ; two had used s tandard poly
propy lene sol id-ankle A F O s ; and one pa
t ient had used a s tandard double -upr igh t 
convent iona l A F O . In two pat ients w h o 
had not used or thoses preoperat ively , floor 
react ion or thoses were p resc r ibed i m m e 
diately fol lowing bi la teral re lease o f f lexion 
contractures at the h i p s , k n e e s , and ankles . 

Leng th o f use of the anter ior floor reac
t ion o r thoses ranged from five to 52 m o n t h s 
(mean: 17 m o n t h s ) . In pa t ients in w h i c h 
the or thoses were d i scon t inued , the m a i n 
reasons were : ou tg rowing the or thos i s , 
improved funct ion, and addi t ional surgical 
procedures . 

The degree at w h i c h the ankle w a s set 
var ied . Four teen of the o r thoses were set at 
five degrees dorsi f lexion, five o r thoses to 
five degrees plantarf lexion, and one to ten 
degrees plantarf lexion. 

E igh t o f the 11 pa t ien ts r equ i red ham
str ing re leases at o r before the start of 
t rea tment wi th the an ter ior floor reac t ion 
or thos is ( two of these re leases were repeat 
p rocedures) . The o ther th ree pa t ien ts were 
cast for knee flexion contractures before 
they u sed the or thos i s , one of w h o m re
qu i r ed surgery after the serial cas t ing . It 
should b e no ted that before any of these 11 

cerebra l palsy pa t ients could use the or tho
s is , they requ i red e longa t ion of hams t r ings 
e i ther b y surgical re lease o r b y serial 
cas t ing . 

Ambulation Status with 
the Orthosis 

Eight of the 11 pat ients are still u s ing the 
or thos is effectively and three no longer 
n e e d or thot ic m a n a g e m e n t . E igh t pa t ien ts 
are c o m m u n i t y ambula tors and three are 
househo ld ambula tors . Four o f the com
m u n i t y ambula tors use Lofs t rand cru tches ; 
o n e , a quad-cane ; o n e , B o b a t h poles ; and 
o n e requ i res n o wa lk ing a ids . The c o m m u 
n i ty ambula tors use the auxi l iary wa lk ing 
aids ma in ly for b a l a n c e , w h e r e a s the 
househo ld ambula tors use the aids to assis t 
wi th gait p rogress ion . 

Selection of Foot-Shank Angle 
The degree of dorsif lexion or plantar

flexion at the ankle of the or thos i s is a c o m 
promise b e t w e e n the s ize of the ex tens ion 
m o m e n t genera ted at the knee and the 
s m o o t h n e s s o f f o r w a r d p r o g r e s s i o n . 
Theore t ica l ly , w h e n the or thos is is set in 
plantarf lexion, the ex t ens ion m o m e n t is 
max ima l bu t the forward progress ion is at 
least part ial ly b locked . If the knee ex ten
s ion m o m e n t is too great before the cen te r 
of m a s s passes in front o f the knee ax is , 
overall forward p rogress ion hal ts . W h e n 
the or thos i s is set in sl ight dorsi f lexion, 
more t ime i s a l lowed for the cen te r o f m a s s 
to proceed in front of the knee axis before 
the max ima l knee -ex t ens ion m o m e n t is 
exer ted b y the floor reac t ion or thos i s . 
W h i l e th is is des i rab le , there is a reduc t ion 
of the ex tens ion force genera ted as wel l as a 
delay in the ha rness ing of the floor reac t ion 
dur ing the course o f the gait cycle and , 
h e n c e , more quadr iceps s t rength is re
qu i red . B e c a u s e o f these factors , it is i m 
pera t ive to set the ankle mor t i se at the mos t 
appropr ia te angle w i th in the or thos is in 
order to ach ieve o p t i m u m funct ion. T h i s 
mus t b e ind iv idua l ized from pat ien t to pa
t ient s ince it depends on a n u m b e r o f fac
tors such as w h e t h e r the or thos i s is b i la t 
eral , the quadr iceps s t rength , and the 
m a x i m u m knee ex t ens ion poss ib l e . 



Case Report 
T h e effects of the or thosis on gai t pa

rameters can bes t b e demons t ra ted b y 
s h o w i n g the results of compute r i zed gait 
analys is in the fo l lowing pat ient . 

M . C . , an 11 year-old male wi th spast ic 
d ip legia , was p resen ted wi th h ip flexion 
cont rac tures , bi la teral knee flexion con
tractures, and e q u i n u s deformit ies of bo th 
feet. A t s tance he demons t ra ted severe 
contractures o f h ip flexors, hams t r ings , 
and tr iceps surae. H e unde rwen t bi la teral 
psoas and adduc tor re leases , b i la tera l 
varus derotation osteotomies, bilateral ham
str ing l eng then ings , and bi lateral Bake r 
t endo-Achi l les l eng then ings . 

S ix w e e k s postoperat ively , after cas t ing 
and phys ica l therapy, h is gait revealed 
w e a k e n e d q u a d r i c e p s a n d b e g i n n i n g 
crouch gai t (Figure 5 ) . H e w a s fitted wi th 
bi la teral floor react ion or thoses w h i c h im
media te ly improved h i s gait . 

Compu te r i zed gait analysis was per
formed preopera t ive ly and ten w e e k s post
opera t ively w i th and wi thout the or thoses . 
Postopera t ively , the lateral s t ick f igures 

Figure 5: M.C., six weeks postoperatively. Note the 
dependence on forearm crutches. 

Figure 6: Stick figures of M.C., ten weeks postoperatively. 
A. Lateral stick figures from a gait analysis run without anterior floor reaction orthoses. Note where the floor 
reaction falls respective to the knee axis. 
B. Lateral stick figures from a gait analysis run with anterior floor reaction orthoses. Note the improved extension 
moment generated at the knee as a result of floor reaction passing more anterior to the anatomical knee. 



Table 1. Comparison of data from gait analyses of M.C. 

Figure 7: M.C., ten weeks postoperatively, exhibits 
much less dependence on forearm crutches. With the 
orthoses, crutches are used only to assist in balance. 

demons t ra ted that the floor reac t ion force 
r ema i ned anter ior to the or thos is and the 
knee jo in t axis th roughout s tance (Figures 
6 A and 6 B ) . 

As s h o w n in Table 1, his l inear m e a 
surements improved s ignif icant ly w h e n he 
used the anter ior floor react ion or thoses . 
S ince the s ingle s tance t ime inc reased 
w h e n he used the o r thoses , he had more 
l imb suppor t and s tabi l i ty (Figure 7 ) . S tep 
lengths also inc reased s ignif icant ly wi th 
the o r thoses , as did h is wa lk ing veloci ty . 
T h e es t imated external work of wa lk ing 
r e ma i ned approximate ly the same wi th 
and wi thou t the o r thoses bu t because of 
the inc reased wa lk ing veloci ty w h e n the 
b races were worn , h i s gait appeared to b e 
more efficient (Table 1) . 

In summary , for th is pat ient : 
1. S ing le support t ime improved wi th 

the or thoses . 
2 . S t r ide length and walk ing veloci ty 

improved . 
3. Energy c o n s u m p t i o n r e m a i n e d un

changed . 
4. K n e e flexion w a s still s l ightly more 

than des i red and it w a s postula ted at 



this point that this patient might 
perform better if the orthoses were set 
in slightly more plantarflexion. 

TECHNICAL 
CONSIDERATIONS 

While it is virtually impossible to elimi
nate the elastic component of the standard 
orthotic materials, it should be noted that 
this elasticity must be reduced to a mini
mum. In order to harness the floor reaction 
and transfer it to the anterior aspect of the 
distal shank, a very rigid ankle is impera
tive. The reinforced lamination of the Sal
tiel orthosis can be adequately duplicated 
with the use of 3/16-inch polypropylene, 
carbon composite reinforcements, and cor
rugations strategically placed. These mate
rials offer a less time consuming fabrica
tion procedure without compromising 
structural integrity or function (Figure 
8A-8C) . 

In pediatric application, special consid
eration must be given to patellar derange

ment as a result of absorbing the floor reac
tion directly on the patella. Because of this, 
at Newington Children's Hospital we have 
modified the anterior proximal trimline to 
end at the distal tubercle, thus not travers
ing the anatomical knee joint or encompas
sing the patella. While this trimline does 
reduce the effective length of the lever arm 
in the application of the posteriorly di
rected forces, this compromise is quite ac
ceptable as there is sufficient transference 
of the floor reaction to achieve knee ex
tension. 

Fabrication 
Cast modification of the positive mold 

follows standard procedures with buildups 
on all boney prominences, including the 
crest of the tibia and the tibial tubercle. In 
addition, the periphery of the trimlines is 
built up following the line of progression 
(Figures 9A & 9B). 

Once plasterwork is completed, the 
positive mold is prepared for vacuum 

Figure 8: Finished orthosis. 

A. Anterior view. B. Lateral view. C. Posterior view. 



Figure 9: A modified positive model of an anterior 
floor reaction orthosis. 
A. Model is ready for lay-up of carbon composite 
reinforcements and rope for corrugation. 

B. The horizontal line with the diagonal lines im
mediately above denotes the distal border of the 
plastazote padding. 

Figure 10: The orthosis molded with the seam kept as 
straight as possible anteriorly. 

mold ing of po lypropylene b y secur ing the 
ca rbon compos i t e r e in fo rcements , rope , 
and P las tazo te® o n the cast . Vacuum 
mold ing o f the po lypropylene is done w i t h 
the hee l o f the cast facing up , w i t h careful 
cons ide ra t ion g iven to o b t a i n i n g a s t ra ight 
s e a m anter ior ly (Figure 10) . T h i s s e a m en
ables remova l o f the o r thos i s from the cast 
and mus t b e re inforced afterwards b y 
we ld ing po lypropy lene rods to the an ter ior 
aspect o f the o r thos i s , cover ing the s e a m 
and ex tend ing per ipheral ly . 

Dis ta l t r iml ine o f the footplate ex tends to 
the end of the toes . T h i s increases the floor 
lever a rm and enab l e s m a i n t e n a n c e o f fit 
for a longer per iod o f t ime . T h i s modi f ied 
des ign has enab led us to ach ieve o p t i m u m 
cl inical results w h i l e still t ak ing in to ac
count those factors that are u n i q u e to 
t reat ing chi ldren . 



SUMMARY 
It w a s obse rved that by us ing anter ior 

floor reac t ion o r thoses in pat ients w i th 
cerebral palsy, c rouch gait w a s greatly re
duced or e l imina ted . Compu te r i zed gait 
ana lyses revealed i m p r o v e m e n t in endur
ance , ease of ambula t ion , a n d increased 
l inear m e a s u r e m e n t s in the three pa t ien ts 
w h o had pre- and pos topera t ive gait anal
yses . S ince the start of t rea tment wi th th is 
o r thos i s , the n u m b e r of pa t ients wi th cere
bral palsy us ing the or thos is has inc reased 
and results have b e e n s imi lar to those de
sc r ibed in the case report . T h i s success is 
con t ingen t on the p re requ i s i t e s that n e e d 
to b e met w h e n cons ide r ing an indiv idual 
for b race t rea tment . T h e s e p re requ is i t es 
inc lude: 

1. A b s e n c e o f knee or h i p flexion con
tractures exceed ing ten degrees . 

2 . Careful de te rmina t ion of the angle to 
w h i c h the ankle mor t i se is se t w i t h i n 
the or thos i s in order to op t imize for
ward progress ion of the we igh t l ine at 
mid - s t ance wh i l e still m a i n t a i n i n g an 
adequa te knee ex tens ion m o m e n t . 

3 . P r e s e n c e o f s o m e t runk b a l a n c e 
and/or the abi l i ty to use auxil iary 
wa lk ing a ids i n the event o f d i 
m i n i s h e d t runk ba lance . 

4 . P resence of a m i n i m u m of Grade 
three quadr iceps s t rength. 

5. W h e t h e r or not the or thos is is uni lat
eral or bi la teral . If the we igh t l ine is 
p laced b e h i n d the base o f support , 
bi la teral appl ica t ion makes ba lance 
vir tual ly imposs ib l e . H o w e v e r , the 

s a m e pos t e r io r p l a c e m e n t of the 
w e i g h t l ine is tolerated if only one 
ext remi ty is involved . 

W h e n these p re requ is i t es and specif ica
t ions were met , the anter ior floor react ion 
or thos i s p roved to b e more successful than 
its p redecessor , the K A F O , in the treat
m e n t o f uns tab le lower ex t remi t ies in pa
t ien ts wi th cerebra l palsy. T h e anter ior 
floor react ion o r thos i s has also b e e n used 
successful ly in pa t ients wi th o ther diag
n o s e s such as m y e l o m e n i n g o c e l e , musc le 
d i sease , and pol iomyel i t i s . T h u s , the pa
t ien t ' s cl inical p ic ture is more important 
than the actual d iagnos i s in de t e rmin ing 
w h e t h e r or no t to p resc r ibe this part icular 
or thot ic des ign . Fo l lowing the careful de
te rmina t ion of cand idacy in the pat ient 
wi th crouch gait , the anter ior floor react ion 
or thos i s can provide improved s tabi l i ty 
and m i n i m i z e componen t ry , we igh t , and 
bu lk . 
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INTRODUCTION 
Occupa t iona l h a n d in jur ies are the m o s t 

c o m m o n occupat iona l in jur ies in H o n g 
K o n g . 3 S o m e of the severe in jur ies will lead 
to loss o f the hand , f requent ly the d o m i 
nant one . T h e o r thopaed ic care of a pat ient 
w i th an amputa ted uppe r l i m b does no t 
stop after surgery. T h e e s sence o f rehab i l i 
ta t ion is p reven t ion and in tegra t ion. T h e 
impor tance of p revent ive measures in oc
cupat ional hand injur ies has b e e n h igh
l ighted in a p rev ious s t u d y . 2 T h e a im of 
this s tudy was to assess the medica l , social 
and psychologica l impac t o n pa t ients w i t h 
an amputa ted uppe r l i m b . T h e data col
lected will hopefully provide useful gu ide
l ines on the p l ann ing and deve lopmen t of 
services in the rehabi l i t a t ion o f uppe r l i m b 
ampu tees and on future research in upper 
l i m b pros theses . 

MATERIALS AND 
METHODS 

O n e hundred pa t ien t s w e r e referred to 
the Sou th K w a i C h u n g Pros thet ic Cl in ic for 
a s se s smen t and fi t t ing o f p ros theses from 
1977 to 1982. T w e n t y o f t h e m were se lec ted 
at r a n d o m for th is pi lot s tudy. The re w e r e 
18 males and two females . T h e ages var ied 

from 15 to 57, and the mari tal s tatus in
c luded seven s ingles , e leven mar r ied , and 
two w i d o w e d . T h e educa t iona l levels w e r e 
be low pr imary in e igh t , p r imary in ten , 
and secondary in two . 

Eighty- f ive percent o f the in jur ies were 
occupa t iona l . All of the v i c t i m s were 
r igh t -handed and 70 percent o f the injur ies 
involved the d o m i n a n t hand . T h e levels of 
amputa t ion w e r e b r o k e n d o w n in to 75 per
cen t b e l o w - e l b o w , 15 percent wris t disar
t iculat ion, and ten pe rcen t a b o v e - e l b o w . 
T h e ages for the first p ros the t ic f i t t ing 
ranged from 3 1/2 to 11 years . Cl in ica l and 
social a s se s smen t s w e r e m a d e at a j o in t 
in te rv iew b y a su rgeon and a pros thet i s t . 
T h e fol lowing in format ion w a s ob t a ined : 

• T h e type of p ros thes i s w i th respect to 
i ts f i t t ing, cos t , t ra in ing , cond i t ion 
unde r use , and m a i n t e n a n c e 

• Func t ion of the p ros thes i s 
• C o s m e s i s of the p ros thes i s 
• T h e ampu tee ' s Act iv i t i es of Dai ly 

L iv ing ( A . D . L . ) and e m p l o y m e n t 
• C h a n g e s in the i r family cond i t i ons 
• Soc ia l welfare ass i s tance g iven to the 

ampu tee s 
• Psychologica l a s s e s s m e n t o f the am

pu tees 
• Spec ia l c o m m e n t s from those inter

v i e w e d on the different m e m b e r s of 



the rehab i l i t a t ion t eam, i . e . , the sur
geon , therapis t s , pros the t i s t s , a n d 
medica l socia l worke r s . 

RESULTS 
The Prosthesis 

All pa t ien ts were fi t ted with the b o d y -
powered p ros thes i s , voluntary o p e n i n g 
hook , and an opt ional cosmet ic h a n d wi th 
a bu i l t - in p rehens i l e grip m e c h a n i s m (Fig
ure 1) . 

M o r e than 90 percent o f the f i t t ings were 
done w i t h i n three m o n t h s of the amputa 
t ion and the pa t ien t s usual ly rece ived a two 
to three m o n t h pe r iod o f t ra in ing super
v i sed b y the pros thet i s t s . T h e fol low-up 
had b e e n genera l ly regular in the first two 
years . After that , pa t ien ts only h a d ap
p o i n t m e n t s for repairs or o ther specif ic 
p rob lems . 

the pros theses and hand led m i n o r repairs 
b y themse lves . 

The cos t o f the p ros theses var ied from 
H K $ 1 , 0 0 0 to H K $ 2 , 0 0 0 . T h e pat ient usual ly 
pa id the fee out of the lump s u m of work
m a n ' s c o m p e n s a t i o n gran ted , bu t 20 per
cen t of t h e m rece ived f inancial ass i s tance 
from the Socia l Welfare Depa r tmen t . 

Function of the Prosthesis 
Six ty percent of the pa t ients used the 

pros thes i s for over ten hours a day, and the 
majori ty of them (80 percent ) used it at 
h o m e (Figure 2 ) . O n l y 60 percent o f them 
regularly used the p ros thes i s at work , and 
these amputees w e r e pr imar i ly heavy 
metal workers w h o ut i l ized the hook in 
p i n n i n g d o w n an objec t . Near ly all pa t ients 
used the cosmet ic h a n d on social occa
s ions . Rela t ive ly few (15 percent) regularly 

T h e f requenc ies of b r e a k d o w n s were re
lated to the durat ion o f usage . T h e frequent 
users had an average o f two to three m i n o r 
repairs a year . Usua l ly the repai r work 
could b e accompl i shed w i t h i n o n e week . 
S o m e of the more innova t ive pat ients in
ven ted thei r o w n m i n o r modi f ica t ions on 

e n g a g e d their p ros theses in sports or rec
reat ional ac t iv i t ies . 

T h e overall c o m m e n t g iven by the am
putees on the funct ional a ch i evemen t o f 
the p ros thes i s w a s good in 70 percent , fair 
in 20 percent , and poor in ten percent . 

Figure 1: All upper limb amputees were fitted with a body powered prosthesis with a hook terminal device and 
functional cosmetic hand. 



Figure 2: Functional achievement 
A 45 year old seamstress had a below-elbow amputa
tion of her dominant right hand. She was fitted with a 
prosthesis two months later. She demonstrated a high 
degree of dexterity and skill in the use of the hook 
terminal device (A), (B), (C). She continued in her 
gainful employment, and managed most of the 
housework. 

Table 1. 

A.D.L. and Employment 
Table 1 i l lustrates the pat tern of A . D . L . 

shared b y ampu tees wh i l e us ing the pros
thes i s . S ix ty to 70 percent of t h e m were 
sat isf ied wi th the different modal i t ies of 
ac t iv i t ies , wh i l e the unsat is factory group 
inc luded the non-use r s and infrequent 
users . 

It was in te res t ing to no te that the two 
non-use r s were b o t h r ight h a n d dominan t s 
and thei r left hands had b e e n amputa ted . 
T h e y s e e m e d to have deve loped a s ing le -
h a n d e d pat tern o f act ivi t ies and re jected 
the a l ternat ive of us ing the p ros thes i s . 

T h e major i ty o f the r ight h a n d domi 
nan ts wi th r ight h a n d amputa t ions suc
cessfully shifted the d o m i n a n c e to the 
normal left h a n d and used the pros thes i s 
on the r ight h a n d as an ass is t ive device . 

O n l y 15 percent of the pa t ients re ta ined 
thei r p rev ious j o b after injury. E igh ty per
cen t found n e w j o b s w h i c h adapted m u c h 
be t te r to the capabi l i ty of their n o w m u c h 
impa i red uppe r l i m b funct ion. F ive per
cen t r e m a i n e d unemployed . 

As a result o f the in jur ies , all the pa t ients 
suffered a s ignif icant f inancial loss. T h e 
a m o u n t g ran ted from the W o r k m a n ' s 
C o m p e n s a t i o n Board w a s usually jus t ade
qua te for subs i s t ence dur ing the per iod in 
the hospi ta l and dur ing rehabi l i ta t ion . T h e 
personal i n c o m e per m o n t h dropped b y 25 
percent . 

Changes in Family Conditions 
A m o n g the 20 pa t ien ts , 12 were the ch i e f 

p rovider for the family. T h e injury and 



Figure 3: Activities of daily living 
A 40 year old clerk had a below-elbow amputation of 
his dominant right hand. He used a functional cos

metic hand well in most of the activities of daily 
living (A). He also attempts to write with the prosthe
sis (B). 

Table 2. 

s u b s e q u e n t loss o f p r e v i o u s e a r n i n g 
capaci ty led to ser ious f inancial p rob lems 
for six of them. T h e w i v e s and older chi l 
dren were forced to seek par t - t ime j o b s in 
order to suppor t the family. Howeve r , n o 
d is rupt ions of mari ta l t ies were de tec ted 
amongs t the marr ied pat ients . 

Social Welfare Assistance 
Table 2 i l lustrates the var ie t ies of social 

welfare ass is tance avai lable to the am
putees . 

Cosmesis of the Prosthesis 
T h e funct ional cosme t i c h a n d was gen

erally wel l accepted b y the pa t ien t s , the i r 
famil ies , and fr iends. T h e h o o k s were re
garded as " s t r a n g e - l o o k i n g " b y over 60 
percent of the pa t ien ts . All of t h e m pre
ferred to h ide the p ros thes i s in the i r 
t rouser pocke ts . 

Psychological Assessment 
T h i s was the mos t difficult part o f the 

study. M o s t pa t ients were reluctant to d is 
close the i r genu ine feel ings regarding the 
injury they rece ived and the e n s u i n g con
sequences . T h e major i ty o f t hem did reveal 
a pe r iod o f grief, frustrat ion, and uncer
tainty that lasted abou t six to 12 m o n t h s 
fol lowing the injury. T h e feeling o f he lp
lessness gradual ly left w h e n they found 

that the pros thes i s w a s actually funct ional 
and succeeded in ass i s t ing them through 
different act ivi t ies . No pat ient rece ived a 
proper referral to see a cl inical psycho lo 
gist . A n y encouragemen t and counse l l ing 
were g iven main ly b y the surgeon , the 
pros thet is t , and the medica l social worker . 

Amputees' Comments on the 
Members of the Rehabilitation 
Team 
Doctors 

Twenty - f ive pe rcen t o f those inter
v i e w e d compla ined that they were not 
adequa te ly informed of the c o n s e q u e n c e s 
of the amputa t ion and the prospects of 
us ing the pros thes i s . Sixty-f ive percent of 
t hem sugges ted that they would l ike the 
fol low-up to b e conduc ted b y the doctors 



and paramedica l staff together , because 
some o f the adminis t ra t ive procedures re
qu i red the au thor iza t ion of the medica l 
staff and s o m e t i m e s they had p rob l ems 
wi th the residual l imb . Ten percent com
pla ined that the doctors were no t helpful in 
the course of rehabi l i ta t ion . 

Prosthetists 
Eighty- f ive percent sa id that the ma in t e 

n a n c e s e r v i c e h a d b e e n sa t i s f ac to ry . 
Twenty- f ive pe rcen t compla ined that the i r 
p ros thes i s took too long to b e fitted ( longer 
than three m o n t h s ) . But the major i ty of the 
pa t ients w e r e sat isf ied w i th the technica l 
superv i s ion g iven at the ini t ia l per iod o f 
p ros thes i s t ra in ing . 

Therapists 
O n l y ten percent o f the pa t ients were 

referred for t ra in ing to occupa t iona l thera
pis ts and phys io therap is t s . T h e y were not 
sure w h e t h e r the ass i s tance g iven was of 
much he lp . 

Medical Social Workers 
T h e major i ty of pa t ien ts rel ied heav i ly on 

the ass i s tance of the medica l social work
ers. Th i r ty percent o f t h e m wou ld have 
preferred more f requent counse l l ings , bu t 
were aware of the l imi ted t ime avai lable for 
these v is i t s . 

DISCUSSION 
F r o m this p re l iminary study, it can b e 

seen that an upper l i m b amputee pat ient is 
confronted wi th va r ious p rob lems , in
c luding medica l , psychologica l , social , and 
f inancial conce rns . T h e uppe r l i m b am
putee group is relat ively neg lec ted in the 
overal l cons ide ra t ion o f rehabi l i ta t ion for 
a m p u t e e s . 1 If the u l t imate a i m o f rehab i l i 
tat ion, the true in tegra t ion of the d isab led 
in to the c o m m u n i t y , is to b e real ized, there 
shou ld b e a wel l -coord ina ted sys tem o f re
habi l i ta t ion care. T h e funct ion o f the t eam 
approach should b e b a s e d o n a special am
putee c l inic and regis t ry h e a d e d b y the 
surgical staff. T h e exper t i se o f the par t ic i 

pa t ing m e m b e r s is then called upon under 
appropr ia te c i r cumstances . 

O f ou t s tand ing s ign i f icance in this pre
l iminary report is the n e e d all pa t ients have 
of increased f inancia l and psychologica l 
suppor t in the early phases of rehabi l i ta 
t ion . 

T h e he lp of the med ica l social worker , 
and if pos s ib l e , a c l inical psycholog is t , wil l 
b e m o s t apprec ia ted in future rehabi l i t a 
t ion efforts. It shou ld b e e m p h a s i z e d that 
only 15 percent of the pa t ients re ta ined 
the i r o ld j o b s , and n o n e of t h e m acqui red a 
b e t t e r pe r sona l i n c o m e fo l lowing r e 
habi l i t a t ion . 

T h e t ra in ing in use of the pros thes i s 
should b e a jo in t effort b e t w e e n the prosthetist, the phys io therap i s t , and occupa
t ional therapis t . T h i s re t rospect ive r ev iew 
does demons t ra te the lack of coopera t ion 
and coord ina t ion a m o n g the paramedica l 
staff conce rn ing th i s area. It mus t b e recog
n ized that if the pa t i en t fails to acqui re the 
hab i t and skill of u s ing the p ros thes i s in 
the first s ix to 12 m o n t h s , the chance of a 
regular usage wil l b e very r emote . T h e in i 
tial t ra in ing pe r iod is doubt less ly the m o s t 
impor tan t phase of the ent i re p rogram, and 
the med ica l staff should superv ise very 
closely du r ing th is pe r iod . 

A g e does no t s e e m to have a s ignif icant 
inf luence on the usage of the uppe r l i m b 
pros thes i s . H o w e v e r , n o n e o f the pa t ien ts 
are over 60 years of age. T h e major i ty of the 
pa t ien ts are w i t h i n the act ive i n c o m e 
ea rn ing years , and are eager to ob ta in the 
m a x i m u m benef i t s from the p ros theses . 

T h e b o d y p o w e r e d hooks and funct ional 
cosmet ic hands are qu i te well accepted b y 
the major i ty o f pa t ien t s , a l though the 
p ros theses are ma in ly used as ass is t ive 
tools to the normal h a n d . T h e rehabi l i ta 
t ion of a n o n - d o m i n a n t h a n d to take over 
the j o b of its amputa t ed counterpar t is un
ders tandably faster than the t ra in ing for 
the u t i l iza t ion of a p ros thes i s . H o w e v e r , 
after abou t one year ' s t ra in ing , mos t pa
t ients adapt comfor tab ly to a rev ised two 
h a n d e d pat tern of activity. 

T h e poss ib i l i ty o f f i t t ing a myoelec t r ic 
p ros thes i s had b e e n inqu i r ed b y some pa
t ients w h o were aware o f the recent de
ve lopmen t s in p ros thes i s manufac tur ing . 



N o n e o f t hem howeve r , w a s aware o f the 
cost of such pros theses , nor were they in
formed abou t the complex i ty related to the 
m a i n t e n a n c e r e q u i r e m e n t s . T h e b o d y 
powered pros thes i s is r easonab ly p r iced , 
and eas i ly m a i n t a i n e d at the pros thet ic 
w o r k s h o p . It s e e m s o b v i o u s that the ex
p e n s i v e p rogram o f myoelec t r ic p ros theses 
wil l take m a n y years to c o m e to matur i ty . 
T h e o p t i m i s m of s o m e early worke r s in 
m y o e l e c t r i c s 4 does no t s e e m to b e presen t 
in H o n g K o n g . 

A l though the funct ional cosmet ic h a n d 
is far f rom m e e t i n g all the aes the t ic re 
q u i r e m e n t s , all pa t ients preferred hav ing it 
fit for spec ia l social occas ions . S ince the 
in te rchange o f the h o o k te rmina l dev ices 
and cosmet ic hands is s imple , such c o m b i 
na t ion does encourage an a lmost con t inu 
ous use of the p ros thes i s th roughout the 
day. 

O n e of the non-use r s in our ser ies lost 
h i s h a n d at the age o f f ive, b u t the pros the
sis w a s fitted 11 years la ter at the age of 16. 
Obv ious ly , h e totally m i s s e d the chance of 

ch i ldhood rehabi l i t a t ion and reeduca t ion . 
T i m e l y fi t t ing o f p ros theses for ch i ldren 
b e l o w the age o f 12 should cer tainly b e 
cons ide red and special p ros theses should 
b e deve loped accordingly. 

H a v i n g c o m p l e t e d th i s p r e l i m i n a r y 
study, w e are l ook ing forward to a large 
scale con t inua t ion s tudy, w h i c h is ex 
pec ted to cover a target popula t ion of 400 
a m p u t e e s , in the nea r future. 
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A Case Study: Use of a Terminal 
Device to Augment a Paralyzed Hand 
Judd A. Katz 
David Perkins 

ABSTRACT 
A spl i t -hook te rmina l device w a s used to 

allow wr i t ing skills for a C-6 level quadr i 
p legic . In this case , the subjec t has h i s r ight 
uppe r l i m b , bu t could not use h is natural 
h a n d for pr in t ing . A n y use of the h a n d , 
even w i t h the a id of a suppor t dev ice , 
w o u l d cause spasms of the hand , w h i c h 
w o u l d no t allow h i m to wr i te . T h e volun
tary o p e n i n g style h o o k is a t tached to an 
a rm support , parallel to the r ight arm, wi th 
the hook b e i n g p laced nex t to the pa lmar 
s ide o f the hand . A prehens i l e support for 
ho ld ing is in the hook , and no t in the spas
tic hand . The or thos is is cable dr iven, and 
ut i l izes all t radit ional hardware except for 
the arm socket , wh ich is replaced wi th a 
p ivo t ing arm support . T h e p ivo t ing a rm 
support will al low the hook to turn ou t o f 
the w a y w h e n the subjec t des i res to operate 
h i s whee l cha i r wi th h i s natural hand . 

INTRODUCTION 
T h e subjec t o f this project is a 40-yea r old 

male w h o is classif ied as a partial quadr i 
p l e g i c . In 1 9 6 5 , t he s u b j e c t suf fered 
t h r o u g h an a u t o m o b i l e a c c i d e n t tha t 
c rushed the sixth cervical ver tebrae and 
caused h i s quadr ip leg ic cond i t ion . Pres 
ently, h e is an undergraduate s tudent at 
A u b u r n Univers i ty at M o n t g o m e r y , Ala
b a m a , and the skill of i n d e p e n d e n t wri t 
ing , especia l ly class notes and examina 
t ions , would greatly facili tate learn ing . 

Pr ior to the or thos i s , the subjec t wou ld at
t empt to pr int th rough the use of a penc i l 
support device a t tached to h is hand , b u t 
p r in t ing in this m a n n e r e l ic i ted s p a s m s in 
the hand . After three to five m i n u t e s of 
wr i t ing , h i s r ight h a n d wou ld b e c o m e fa
t igued , and b e g i n an uncontrol led spa sm 
unti l he s topped the task. T y p i n g wou ld 
genera te a mi lder spasm than that e l ic i ted 
w h e n pr in t ing , bu t it p roved to b e ex 
t remely difficult to take a typewri ter to 
class for the purpose o f note tak ing . 

In addi t ion , the use of a typewri te r for 
Algebra , Sta t is t ics , and Phys ica l Sc i ences , 
courses that r equ i red mathemat ica l and 
scient i f ic nota t ion , could not b e hand led 
b y a s tandard typewri ter . T h e p r o b l e m 
facing the sub jec t ' s academic advisor , Dr . 
Ka tz , w a s to develop an or thos is that 
wou ld al low the subjec t to pr in t a lphabe t i 
cal let ters, as well as scient i f ic nota t ion at 
h o m e or in the c lass room wi thout i nduc ing 
debi l i ta t ing h a n d spasms . The or thot ic de
v ice desc r ibed in th is article w a s con
structed and fitted b y Mr . Perk ins . All 
mater ials used were readi ly avai lable from 
a pros thet ic /or thot ic facility. 

DESIGN DESCRIPTION 
T h e or thosis can b e v i e w e d as hav ing 

four m a i n parts: 1) the h o o k and wr is t as
s embly ; 2) the bracke t and rota t ing rod as
sembly ; 3 ) the a rm a t tachment cuff a s sem
bly; and 4) the cable ha rness a s s emb ly 
(Figure 1 ) . 



Figure 1: Exploded isometric drawing of the orthosis emphasizing the hand, rotating rod, and arm attachment assembly. 



The Hook and Wrist Assembly 
• A H o s m e r Dor rance # 9 9 X h o o k w a s 

used . T h e smal ler s ized appl iance w a s 
more appropr ia te s ince space was cru
cial w h e n the h o o k w a s folded out of the 
w a y for propel l ing the chair . Th ree 
hook- t ens ion b a n d s (approximate ly 7.5 
p o u n d s p r e h e n s i o n ) w e r e used to hold a 
penc i l and comfor tably open the appl i 
ance v ia the shoulder ha rness . 

• A n F M 100 wr is t uni t a t tached the h o o k 
to the ro ta t ing support . T h e wr is t uni t 
w a s we lded to an angled e n d tab of the 
support rod (See Figure 1 for the s i te of 
the weld) . 

• A o n e - i n c h rubbe r lock w a s h e r w a s in
ser ted b e t w e e n the te rmina l appl iance 
and wris t to suppress h o o k rota t ion 
wh i l e wr i t ing . 

• T h e cab le was a t tached to the t h u m b of 
the h o o k in the t radi t ional fashion . 

The Rotating Support Rod 
• A 6" x 1/4" s ta in less steel rod w a s used to 

suppor t the h o o k and g ive it i ts swivel 
act ion. The forward two inch sect ion of 
the rod w a s ben t back 65 degrees and 
angled d o w n from the cen te r l ine of the 
a rm; this pos i t ion a imed the tip of the 
h o o k away from the natural h a n d so that 
the h a n d wou ld no t interfere wi th the 
ac t iv i ty of the h o o k . 

• T h e rod w a s h o u s e d ins ide a 3 3 /8" x 5/8" x 
1/8" s teel bracket and shea thed wi th a 
3 1/2" spr ing. 

• T h e distal e n d of the bracke t t e rmina ted 
in a two pos i t ion gate a l lowing the rod to 
lock in a wr i t ing pos i t ion (Figures 2 and 
3 ) , o r rotate and lock b e h i n d the natural 
h a n d in a c learance pos i t ion (Figure 4 ) . 

• A 3 1/2" spr ing provided pressure for 
lock ing in b o t h pos i t ions . T h e spr ing 
w a s held in place b y a p in and w a s h e r 

Figure 2: The subject shown using the hook in the writing position. 



Figure 3: Closeup of hook in writing position. Bracket and rotating rod assembly can be seen. 

Figure 4: The hook in the clearance position, so that 
the subject can operate his wheelchair. 

m o u n t e d at the proximal end of the rod. 
• The cable gu ide was 1 3/4" x 3/4" s ta inless 

steel rod we lded to the b ack of the pri
mary support rod . 

The Arm Attachment 
Cuff Assembly 

• A n 8 3/4" x 1/2" x 1/4" bar was used as the 
ma in frame to suppor t the rotat ing rod 
and bracket assembly . 

• T w o cuffs were r iveted to the s ide oppo
site the hook and bracket a ssembly . T h e 
wris t cuff was 5" x 2" and the upper 
forearm cuff w a s 6 1/2" x 2". Velcro® band 
mater ia l was used to secure the cuffs to 
the c l ien t ' s arm. T h e bar and cuffs were 
covered wi th gray leather wh ich g ives 
the pros thes i s a comfor table fit and 
aes thet ic appearance . 



The Cable Harness Assembly 
• A humera l cuff w a s a t tached to the 

upper forearm cuff b y two straps. T h e 
cable was connec t ed at the t h u m b o f the 
hook wi th the cab le h o u s i n g run u n d e r 
the arm and c o n n e c t e d to the outer s ide 
o f the half cuff. A shou lder ha rnes s w a s 
connec t ed to the uppe r arm half cuff b y 
an inver ted " Y " s t rap. T h e cab le w a s 
a t tached to the left a rm loop o f the har
ness w i t h a hanger connec to r . T h i s is the 
same sys tem used b y ampu tee s to oper 
ate the o p e n i n g o f a te rmina l device . 

USING THE ORTHOSIS 
W i t h ass i s tance from an a t tendant , the 

o r thos i s can b e affixed to the subjec t p r io r 
to c lass . H e has two w h e e l c h a i r s — a 
moto r i zed cha i r w i th a hand-ope ra t ed 
four-way swi tch , and a s tandard nonmotorized chai r that h e can propel . 

B y grasp ing the ro ta t ing k n o b pro jec t ion 
h a n d r ims that ex tend from the w h e e l s , h e 
can exerc i se h i s a rms and m o v e h i s w h e e l 
cha i r abou t on flat surfaces. W h e n the h o o k 
is not used for academic tasks , he can m o v e 
it out o f the wr i t ing pos i t ion a n d in to the 
c learance pos i t ion b y pul l ing forward o n 
the hook wi th h i s left h a n d , w h i c h re leases 
t ens ion on the gate , and rol l ing the h o o k 
over the ba c k o f h i s r ight h a n d and lock ing 
it out of the way. H e can propel h i s cha i r 
f rom class to class wi thou t r e m o v i n g the 
h o o k . 

W h e n class b e g i n s , h e can grab the h o o k 
wi th h i s left h a n d , pull forward and roll the 
h o o k out of the c learance pos i t ion and b a c k 
into the wr i t ing pos i t ion . W h e n he flexes 
h i s back , the h o o k o p e n s and h e inser t s a 
penc i l into the app l iance . Re lax ing h i s 

shoulders , the h o o k grasps the penc i l and 
h e is ready to pr in t let ters or ma themat ica l 
s y m b o l s . T h e d o w n w a r d angle of the h o o k 
al lows h i m two po in t s o f contact o n h i s 
wr i t ing boa rd : the hook-he ld penc i l a n d 
h i s r ight e lbow. The a rm is suppor ted in a 
comfor tab le pos i t ion w h i c h does not el ici t 
spasms in the a rm or hand . 

SUMMARY 
A voluntary o p e n i n g h o o k te rmina l ap

p l iance w a s u sed in a nont rad i t iona l fash
i o n to pe rmi t a part ial quadr ip leg ic pa t ien t 
to pr in t . T h e sub jec t has both of h i s natural 
a rms and hands , ye t has on ly m i n i m a l use 
of h i s hands for p rehens i l e tasks . H a n d 
s p a s m s greatly l imi t the use o f suppor t de 
v ices that could a u g m e n t the use of h i s 
hand . T h e h o o k w a s m o u n t e d o n a ro ta t ing 
and lock ing bracke t so that it could b e 
m o v e d out o f the w a y w i thou t r emov ing 
the appl iance w h e n he opera ted h i s w h e e l 
chair . T h i s feature a l lowed the device to be 
p laced on and off only o n c e per day. 

T h e sub jec t is present ly involved in 
t ra in ing , w h i c h is sha rpen ing h i s p r in t ing 
skills o f bo th n u m b e r s and a lphabe t le t ters . 
S o o n , he will b e ab le to take lecture no tes in 
c lass , wr i te ma themat i ca l formulas , and 
take mul t ip le -cho ice e x a m i n a t i o n s b y h i m 
self. 
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The Use of Prophylactic Knee 
Orthoses at Iowa State University 
Frank Randall, A.T.C., M.A. 
Harold Miller, C.P.O. 
Donald Shurr, L.P.T., M.A. 

INTRODUCTION 
Major knee in jur ies are a c o m o n conce rn 

to all people involved wi th the sport o f 
football . At the col lege a n d in terscholas t ic 
level , m i n i m i z i n g the n u m b e r s o f knee in
ju r i e s wou ld allow the game to b e p layed at 
its op t imal level of skill and safety. T h i s 
w o u l d save everyone involved wi th the 
sport m u c h t ime , effort, and money . A suc
cessful p rogram incorpora t ing prophylac
tic knee or thoses could allow such in jur ies 
to occur less frequently. 

PURPOSE 
D u r i n g the 1982 fall football s eason , Iowa 

Sta te Un ive r s i ty in i t ia ted a protect ive knee 
or thos i s p rogram. T h i s p rogram w a s in
i t ia ted w i t h the coopera t ion of the coaches , 
o r thopaed ic su rgeons , and t ra iners , to
gether w i th the deve lopers o f the I o w a 
knee o r thos i s , w h i c h was prev ious ly u s e d 
for athletes w i th collateral l igament ins ta 
bi l i ty . T h e target popula t ion cons i s t ed of 
offensive and defens ive l i n e m e n , l i ne 
backer s , and t ight e n d s , b e c a u s e of the i r 
h i g h inc idence o f knee in jury (See Table 1) . 
S o m e o f the athletes had a d o c u m e n t e d 
h is tory o f knee ins tabi l i ty . T h e pu rpose o f 
the program w a s to see wha t effect p ro
phylact ic knee o r thoses h a d on the pre
ven t ion o f se r ious knee in jur ies in a major 

col lege football p rogram, and to evaluate 
the p rob l ems associa ted wi th the imple 
men ta t ion o f such a device . 

METHOD 
Severa l commerc ia l ly avai lable knee or 

thoses h a d b e e n used prev ious ly w i th 
players suffering from k n e e in jur ies , but 
n o n e had b e e n used in a prophylact ic 
sense . Tha t i s , o r thoses used previous ly 
w e r e for athletes w h o already had knee in
ju r i e s , i n the h o p e of p reven t ing further 
injury. T h i s evalua t ion was also a imed at 
the normal knees w h i c h h a d n o his tory of 
injury. 

T h e device c h o s e n for evaluat ion w a s an 
all plast ic knee or thos is w i th polycentr ic 
h inges bilaterally and proximal , and distill 
cuffs m a d e o f a c o m b i n a t i o n of polypropyl
e n e and po lye the lene , prefabr ica ted to 
models in four s izes (See F igure 1) . Sp ray 
adhes ive and tape w e r e u sed to suspend 
the or thos is . T h e advantages o f this pro
phylact ic dev ice were : 

1. Bilateral suppor t—media l and lateral 
upr ights ; 

2 . Polycentr ic jo in t cons t ruc t ion pro
v i d i n g a chang ing center o f rota t ion; 

3. M a x i m u m length for m a x i m u m sup
port ( length o f lever ove r th igh and 
leg); 



Table 1. 

Figure 1: The prophylactic knee orthosis. 



4 . Semi - f l ex ib le (copolymer) cuffs o n 
th igh and calf to g ive snug fit and 
comfort ; 

5 . L i g h t w e i g h t j o i n t s (7 oz . per pair ; 
overal l 13 .1 oz . ) ; 

6. Adjus tab le h i n g e s to control range of 
mo t ion (hyperex tens ion to part ial 
flexion). 

T h e or ig ina l device w a s fabr ica ted in a 
m a n n e r cons i s t en t w i t h that of the Iowa 
knee or thos is . After pour ing a pos i t ive 
mode l , the or thos is w a s fabr icated us ing 
the nylon polycent r ic jo in t . T h e proximal 
and distal cuffs w e r e made o f a f iberglass 
tape wrap . T h e o r thoses w e r e or ig inal ly 
secured b y us ing an elast ic wrap a round 
the th igh and calf cuff wi th n o adhes ive . 
P r ob l ems assoc ia ted wi th th is m e t h o d and 
des ign we re : 

1. Irr i tat ion o f sk in b y f iberglass ; 
2 . S u s p e n s i o n ; 
3. T h e cuffs w e r e unders ized and added 

to the i r r i ta t ion o f the sk in , s ince the 
athletes were in a l ean ing pos i t ion 
w h e n cas ted , a l lowing muscula ture to 
sag. 

Fo l lowing the evalua t ion of the ini t ia l 
p rogram, or thos i s a n d mater ia ls , changes 
were m a d e in r e sponse to p rob l ems . T h e s e 
c h a n g e s inc luded: 

1. D u r i n g cas t ing the athlete s tood up
r ight w i th legs sl ightly flexed to get 
true musc le conformat ion o f the th igh 
and calf; 

2 . All cuffs were cut to a m i n i m u m s ize 
and the mater ia l w a s c h a n g e d from 
f iberglass wrap to copo lymer ; 

3. Med ica l adhes ive w a s ut i l ized on the 
unders ide of the cuff for a tacky effect; 

4 . A tape anchor ( tape rolled w i t h ad h e 
s ive mass out) w a s appl ied direct ly to 
the leg; 

5. A c losed spiral wrap w a s appl ied di 
rectly to the leg for suspens ion ; 

6. T h r e e or four inch elast ic tape w a s 
appl ied over the cuffs in a m a n n e r 
that wou ld over lap the cuff and the 
under ly ing w r a p to finally hold the 
or thos i s in p lace . 

RESULTS 
Thi r ty -one a thle tes , t aken from the first 

two t e a m s , wore 62 o r thoses . T h e 31 
players , d iv ided b y pos i t ion , inc luded two 
quar te rbacks , one l inebacker , 11 offensive 
l i n e m e n , seven defens ive l i n e m e n , two 
defens ive backs , and two t ight ends . T e n of 
3 1 , o r 33 percent , had h is tor ies o f previous 
knee in jur ies . D u r i n g the spr ing o f 1983, 
ou r records ind ica ted on ly one s ignif icant 
knee injury occur red dur ing 2 0 days of 
spr ing football . T h i s m a y b e c o m p a r e d to 
the n i n e in jur ies suffered the spr ing of the 
year before . 

W h e n cons ide r ing any knee o r thos i s for 
use dur ing g a m e cond i t ions , players and 
coaches ques t ion its effects o n s p e e d and 
agili ty. To he lp a n s w e r th is ques t ion , s o m e 
athle tes were tes ted in a t imed agil i ty test 
a round three cones w i t h and wi thou t the 
o r thos i s . T h e results are l i s ted in Tab le 2 . 
O f those athletes tes ted , t imes revealed no 
change to .2 second s lower wi th the o r tho
ses on . T h e athletes w h o h a d prev ious ly 
in jured knees had faster t imes w i th the 
brace o n . T h i s f ind ing may indica te more 
conf idence w h e n cut t ing wi th the b race o n 
than wi thou t . N o data can b e ga thered 
from the fall 1982 trial, s ince the coaches 
were pes s imi s t i c toward the project , and 
less than six athletes f in i shed the season 
w e a r i n g the dev ices . O n l y o n e o f these six 
sus ta ined a ser ious in jury in the fall of 1982, 
dur ing g a m e cond i t ions w h e n h e chose not 
to w e a r h i s o r thos i s . 

DISCUSSION 
T h e current coach ing staff is very pos i 

t ive c o n c e r n i n g protect ive dev ices for 
k n e e s . In spr ing prac t ice of 1983, on ly o n e 
major k n e e in jury occurred . Several ath
letes w h o wore the brace h a d prev ious ly 
in jured the i r k n e e s . T h e i r a t t i tudes w e r e 
pos i t ive toward the o r thos i s , and there 
were n o n e w knee in jur ies in this g roup . 

T h e doub le upr ight , p las t ic , p rophylac
tic knee or thos is appears to b e wel l toler
a ted b y football p layers . W i t h educa t ion of 
the athlete b e i n g a major conce rn , a pos i 
t ive a t t i tude on the part o f the c o a c h i n g 



Table 2. 

staff is very impor tant . The greates t deter
rent to the success of this p rogram w a s the 
coaches ' at t i tudes towards the o r thos i s , 
and pee r pressure from the nonweare r s . 
T h e s e nega t ive c o m m e n t s d i rected toward 
o ther athletes wea r ing the pro to types in 
fall, 1982, resulted in a minimal n u m b e r of 
cons i s t en t weare r s . C o a c h e s ' a t t i tudes to
ward the b race mus t b e pos i t ive if the pro
gram is to b e successful . 

T h e lateral h inge appears to b e the mos t 
s t ressed dur ing useage . It migh t b e that the 
media l l igaments are spared i f the force 
c o m e s from an o b l i q u e angle to the knee . 
C lose r s tudy of the field pos i t ion of the 
a th le te m a y clear up th i s i n t e r e s t ing 
f ind ing . 

It is in te res t ing to no te that, as of this 
date , the players be l i eve that this dev ice is 
wor th us ing , and is not de t r imenta l to the i r 
ab i l i t i es . Also of in teres t is that they toler
ate the small amoun t of mechan ica l b reak
age and the occas iona l n e e d to change 
j o in t s and upr ights or to alter the l imi t s of 
the or thot ic h i n g e b y us ing s tops . 

W e i g h t and bu lk iness o f the device has 
no t b e e n a p rob lem. A pai r o f the ny lon 

jo in t s w i thou t the plast ic cuffs w e i g h s only 
seven ounces . T h e device w i th the copoly
m e r cuffs and the nylon jo in t s we igh t s 13 
ounces . 

CONCLUSION 
Based on a re t rospect ive analys is o f 31 

football players at I owa State Un ive r s i ty 
wea r ing 62 plast ic , prophylac t ic knee or
thoses , it appears that the wea r ing of such a 
device is tolerated b y bo th coaches , t ra in
ers , and players . Addi t ional ly , the ev i 
dence o f on ly o n e knee injury in this g roup 
dur ing 20 days of sp r ing pract ice d e m a n d s 
that more s tudy b e g iven to th is concep t in 
order to de te rmine stat ist ical ly h o w val id 
the re la t ionship is b e t w e e n injury and use 
of the o r thos i s . 

AUTHORS 
Mr Randall is Head Athletic Trainer, Iowa State University, in Ames, 

Iowa Mr Miller is with American Prosthetics, 2203 Muscatine Avenue, 
in Iowa City, Iowa Mr Shurr is head of the Department of Physical 
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Technical Note: 

ORTHOSIL Silicone Gel for Pads 
and Soft Insert Liners 
Lynette K. Black, R.T. (P) 

INTRODUCTION 
Before b e c o m i n g conce rned wi th the 

funct ional c o m p o n e n t s of p ros theses and 
thei r a l ignment , w e mus t first address the 
connec t i on b e t w e e n b o d y and pros thes i s . 
" C o n s i d e r a b l e forces are i n v o l v e d in 
s t and ing and w a l k i n g " 1 w h i c h mus t b e a b 
so rbed b y the p ros thes i s , and mos t i m 
portant ly, b y the interface b e t w e e n the soft 
t i s sues o f the res idual l i m b and the pros
thet ic socket . " T h e s e soft t i s sues will b e 
deformed and displaced b y the external 
f o r c e s , " 1 affecting the pros thes i s . D u r i n g 
cas t ing , and through socket des ign , these 
soft t i s sues are purpose ly manipu la ted and 
shaped . T h e s e external forces and the 
forces resul t ing from m o v e m e n t o f the 
h u m a n b o d y are taken in to cons ide ra t ion 
in the des ign of the pros thet ic socket . 

In the major i ty o f cases , ampu tees can 
tolerate these forces if they have a wel l 
fitted socket , w i th or w i thou t a soft inser t 
l iner . H o w e v e r , there are a lways excep 
t ions . E v e n wi th conven t iona l inser ts o f 
lea ther , k e m b l o , or po lyure thane foam 
mater ia l s , pa t ients w i th ex tens ive scar t is
sue , sk in grafts, o r m i n i m a l t i ssue cover ing 
o f the ske le ton m a y requi re s o m e t h i n g spe 
cial to p reven t t i ssue b r eakdown . 

SILICONE GEL 
W h e n s i l icone gel w a s in t roduced , its 

u n i q u e proper t ies s e e m e d to b e ideal to 
m e e t the specia l needs o f these amputees . 

S i l i cone gel is a semi-f lu id mater ia l that 
wil l ma in t a in a cons tan t vo lume . Pure s i l i 
cone gel padd ing provides an excel lent 
w e i g h t - b e a r i n g suppor t . 2 W h e n used to 
fabricate soft inser t l iners , it can he lp a b 
sorb external forces b y a l lowing m o v e m e n t 
w i th in the gel , ra ther than b e t w e e n the 
skin and the socket o r l iner . 

A l though s i l icone gel has m a n y excel lent 
charac ter i s t ics , there have b e e n s o m e dis 
advantages w i th us ing it. Previously , it re
qu i r ed a compl ica ted fabr icat ion t e c h n i q u e 
w h i c h took a great deal o f t ime . S i l i cone gel 
w a s often b o n d e d or in jected b e t w e e n 
layers of leather . The re were p rob lems of 
durab i l i ty . D e l a m i n a t i o n w o u l d o c c u r 
b e t w e e n the lea ther and the s i l i cone . 
S o m e t i m e s , if the leather were not sealed 
properly, the s i l i cone gel leaked through 
the l iner. After repeated weigh t -bear ing , 
there also w a s a t endency for the s i l icone 
gel to migra te , thus n o longer p rov id ing 
protec t ion for those areas w h e r e it m a y b e 
needed mos t . 

A NEW APPROACH 
T h i s article wil l desc r ibe a n e w product 

and a s impl i f ied fabr icat ion t echn ique for 
s i l icone gel padd ing and soft inser t l iners . 
T h e product is O R T H O S I L S i l i cone G e l , 
avai lable from O T T O B O C K O r t h o p e d i c 
Industry. 



PROPERTIES OF ORTHOSIL 
O R T H O S I L Si l icone Gel cons i s t s of two 

l iqu id c o m p o n e n t s wh ich are c o m b i n e d to 
fabricate a socket inser t l iner or padd ing . 
O R T H O S I L was developed so that its phy
sical and chemica l proper t ies wou ld mee t 
the special r equ i r emen t s of the pros the t ics 
field. Advantages inc lude : 

1. It does not irritate the skin and is phy
siological ly non toxic. 

2 . D u e to its special molecular s tructure, 
i ts mechan ica l proper t ies are s imilar 
to the phys ica l character is t ics of s u b 
cu taneous t i s sue . 

3. There should no t b e any p rob lems 
wi th migra t ion of the O R T H O S I L 
S i l i cone Gel L iner . The L ine r can b e 
w a s h e d wi th mi ld soap and wate r and 
tempera tures up to 356°F will not 
h a r m it. 

4 . O R T H O S I L S i l i cone Ge l is avai lable 
in two different types. O n e produces 
a f lexible product and is used for the 
fabr icat ion of soft inser t l iners . T h e 
o ther p roduces a more firm product , 
w h i c h m a y be used for end pads and 
distal end-bearing cushions for Symes 
and knee -bea r ing socke ts . The flexi
b le s i l icone and the more firm si l i 
cone can b e m i x e d toge ther in vary ing 
amoun t s before add ing the catalyst , to 
achieve vary ing degrees o f dens i ty 
and elast ici ty. 

FABRICATION 
TECHNIQUES 

To fabricate an O R T H O S I L s i l icone gel 
be low knee socket l iner , prepare the plaster 
pos i t ive mode l the s a m e w a y as y o u w o u l d 
for l amina t ion . U s e PVA shee t ing as a 
par t ing agent for dry plaster mode ls . To 
seal wet plaster mode l s , use a par t ing lac
que r and then PVA Shee t i ng . D o not get 
talcum p o w d e r on the outs ide of the PVA. If 
ta lcum powder is abso rbed into the s i l i 
c o n e , it wi l l reduce the sheer s t rength of the 
s i l icone gel . 

To m a k e a distal end -bea r ing c u s h i o n in 
a socket l iner, a plast ic mold in the shape o f 
a cup is avai lable . Spray the mo ld wi th 
s i l icone spray and then pull it over the dis-

tal end of the plaster pos i t ive mode l (Figure 
1) . 617H44 S i l i cone Ge l and 617H45 O R 
T H O S I L Catalyst are carefully measu red b y 
we igh t . T h e mix ing propor t ion is n ine 
parts of s i l i cone gel to one part o f O R T H O 
SIL catalyst . T h e l iqu id c o m p o n e n t s mus t 
b e thoroughly m i x e d wi th care , yet not 
w h i p p e d . 

T h e mixture is then poured into the 
o p e n i n g in the top o f the distal end pad 
mo ld (Figure 2 ) . To make a pull sock hole in 
the socket l iner , sand a 4 m m thick, 3/4 inch 
wide p iece of po lye thy lene to the con tour 
of the distal end of the plaster mode l . Insert 
this po lye thy lene p i ece vert ically in to the 
o p e n i n g in the distal end pad mold (Figure 
3 ) . A b igge r slot can b e made for pat ients 
w h o m a y have t rouble r emov ing the pull 
sock. After about 45 minu t e s , the s i l i cone 
mixture wil l vu lcanize so that the mold can 
b e r e m o v e d . 

Figure 1: A plastic mold in the shape of a cup is pulled 
over the distal end of the positive model. 



Figure 2: The liquid component mixture is poured 
into the opening at the top of the distal pad mold. 

Figure 3: To create a pull sockhole, a polyethylene 
tube is placed through the opening in the distal end 
pad mold. 

If the s i l icone gel l iner is fabr icated im
media te ly after the end -bea r ing cush ion , 
the O R T H O S I L wil l chemica l ly b o n d to i t
self. O R T H O S I L wil l not adhere to i tself 
after abou t three hours , w h e n the vulcani
zat ion process has b e e n comple ted . If you 
w a n t to b o n d ano ther layer of s i l icone to an 
ex is t ing o n e , a special b o n d i n g agent 
6 1 7 H 4 6 mus t b e pa in ted on the surface. 

In preparat ion of the gel inser t , s ix layers 
of elastic s tockinet te are used in the layup 
and then an outer PVA b a g is appl ied. U s e 
only 623T13 Elast ic S tock ine t te for fabr ica
t ion of the s i l icone gel l iner . O n l y this elas
tic s tockinet te has b e e n special ly w o v e n 
and treated to b e compa t ib l e wi th O R 
T H O S I L s i l icone gel. T h e elast ici ty of the 
s tock ine t te a l lows s t re tch circumferentially, but not l eng thwise . 

W e i g h out and m i x thoroughly n i n e 
parts to one respect ive ly o f 617H43 O R 
T H O S I L S i l i c o n e Ge l and O R T H O S I L 
Catalyst . A special Caucasian p igmen t 
pas te is avai lable for O R T H O S I L . O n l y this 
p igmen t can b e used wi th O R T H O S I L . 
Immedia t e ly pour the s i l icone mixture into 
the o p e n i n g of the PVA bag . D o not 
evacuate the air from the layup before 
pour ing in the s i l icone gel . S q u e e z e the 
bu lk of the O R T H O S I L into the layup at the 
distal end of the mode l . T ie off the PVA bag 
around the polye thylene p iece , still found 
in the distal end pad, and turn on a light 
vacuum. Invert the plaster positive model to 
a position of about 130° to allow the air to be 
evacuated ahead of the gel (Figure 4) . Distrib
ute the mixture slowly, and return the cast to 
a vertical position. 

W h e n the s i l icone gel b e g i n s to vul
can ize , d is t r ibute the mixture to the b o n e y 
p r o m i n e n c e s o r any o ther areas that r e 
qu i re extra padd ing . O n c e vulcaniza t ion 
beg in s , the s i l icone gel mix ture does not 
shift eas i ly and it wil l r ema in w h e r e it is 
d i s t r ibu ted w h e n fully vulcanized . 

At a room tempera ture o f 70°F the vul
can iza t ion process should b e comple ted in 
about two hours . The s i l icone gel l iner can 
b e r emoved and spr inkled wi th ta lcum 
p o w d e r on the ins ide and outs ide . T h e 
proximal b r im should b e t r immed us ing a 
pair of sharp sc issors , as sand ing will ex 
pose f ibers o f the s tockinet te (Figure 5 ) . 



Figure 4: Invert the positive model to allow air to evacuate ahead of the gel. 

Figure 5: The completed gel insert should be trimmed 
with a pair of scissors to avoid a rough finish. 

O R T H O S I L s i l i cone gel can b e used for 
cus tom padd ing too. It could b e especia l ly 
useful as a toe filler for amputa t ions o f the 
forefoot. It can b e used for an e n d b e a r i n g 
cush ion in a S y m e s socket , and for ischial 
seats and anter ior above knee socket 
b r i m s , vir tually a n y w h e r e w h e r e pressure 
po in t s could cause p r o b l e m s . 3 W h e n fab 
r icat ing pads , prepare t he plaster pos i t ive 
mode l in the same m a n n e r as s ta ted previ 
ously, and use s i l icone spray as a par t ing 
agent . 

SUMMARY 
T h e m a n y u n i q u e proper t ies of s i l i cone 

gel have b e e n found to b e o f great benef i t to 
ampu tees w h o s e res idual l i m b s have a 
large a m o u n t of scar t i ssue , sk in grafts, o r 
m i n i m a l t issue cover ing the skele ton. S i l i 
cone gel has also b e e n used in sports pros
theses , w h e r e greater stress is p laced on the 
res idual l imb than in normal dai ly ac
t iv i t ies (sports such as h ik ing , sk i ing , 
racquetbal l , and t enn i s ) . 



W i t h the deve lopment of O R T H O S I L 
silicone gel a n d the accompanying 623T13 
elastic stockinette, the fabrication process 
for padding and soft insert liners is rela
tively quick and easy. The lamination 
technique does not require the use of 
leather, and the problems of migrat ion , 
sealing, and bonding are e l iminated. 

O R T H O S I L silicone gel should prove to 
be beneficial in fitting special problem 
cases. 

NOTES 
1Holmgren, G., "The Interface Between the Body and the Above-

Knee Prosthesis," Prosthetics and Orthotics International, 3 ( l ) : 3 1 - 3 6 , 
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3 Potter , C .O. , John W., and Sockwell, Jack E . , "Custom-Foamed Toe 
Filler for Amputation of the Forefoot," Orthotics and Prosthetics, Vol. 28, 
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Technical Note: 

Water Safe Prosthetics 
Edmond E. Koester, C.P. 

INTRODUCTION 
T h e fol lowing art icle is a presenta t ion on 

the fabr icat ion of a wa te rproof p ros thes i s 
for the be low knee amputee . It is an eco 
nomica l process because it is bas ica l ly a 
modi f ica t ion o f an ex i s t ing pros thes i s . 

T h e pros thes i s is made us ing a 4 m m 
subor tho lene socket , Ot to Bock ped i len 
foam, and a K ings l ey B e a c h c o m b e r foot se t 
u p (Figure 1 ) . T h e adhes ive for a t taching 
the foot is a D o w Corn ing genera l purpose 
adhes ive . A s i l icone sealant is used a round 
the edge of the sec t ion w h e r e the ankle and 
foot are b o n d e d toge ther (Figure 2 ) . 

FABRICATION 
T h e fol lowing is a descr ip t ion of the 

mold ing of the subor tho len socket and the 
set -up of the p ros thes i s . 

Firs t , the lay up of the P T B or P T S pos i 
t ive mode l is s h o w n wi th the use o f one 
cast sock, one nylon , and clear sealant (Fig
ure 3 ) . T h e next s tep is to inser t the P T B or 
P T S pos i t ive mode l in a v a c u u m forming 
sys tem, pul l ing the cast sock and ny lon 
over the pos i t ive mode l . N o w the subor 
tholen is ready to b e v a c u u m molded over 
the cast . 

Figure 1: The components of the waterproof below knee prosthesis include a subortholene 
socket, "Beachcomber" foot and ankle, and Pedilen foam. 



Figure 2: Attachment of the foot is accomplished by the use of Dow Coming general 
purpose adhesive and a silicone sealant. 

Figure 3: The layup for the subortholene socket in
cludes clear sealant, one nylon, and a cast sock. 

Figure 4: Subortholene is heated to 400°F and vacuum 
molded over the cast. 

After the subor tho len has b e e n hea ted 
to 400°F, it is then molded , sealed off, 
and a v a c u u m is a l lowed to form, caus ing a 
weld . T h e excess subor tho len is t r immed 
off wh i l e it is hot , wi th vacuum still on 
(Figure 4 ) . T h e subor tho len socket is then 
cooled w i th an air gun , and al lowed to b e 
c o m e comple te ly cool . T h i s is very impor 
tant in order to allow the subor tho len to 
b o n d wel l . T r im l ines are then de te rmined 
on the socket , and the cast is b roken out. At 
th is po in t , the socket is comple te ly fin
i shed as a s tandard P T B or P T S socket . 

T h e bas ic c o m p o n e n t s o f the wate rproof 
p ros thes i s m a y n o w be a s sembled . T h e s e 
consis t of the subor tho len socket , K ings l ey 

B e a c h c o m b e r foot, ped i len Ot to Bock foam 
sys tem, and s tandard three layer nylon 
l a m i n a t e . In our work , the u r e thane 
b o n d i n g agent for the Kings l ey foot is vir
tually unbreakab le as compared to any 
o ther agent w h i c h has b e e n used in the 
fabr ica t ion of wate rproof p ros theses . 

T h e first s tep is to a s s em b le these com
ponen t s temporar i ly on an a l ignment j i g , 
preferably a Staros Gardne r coupl ing . T h e 
pa t ien t is then a l lowed to walk barefoot 
wi th the pros thes i s through the normal 
a l ignment procedure . E m p h a s i s is p laced 
on the fact that the ac t ion will no t b e that of 



a S A C H foot or any k ind o f multi-axis ankle 
jo in t . It i s therefore pr imar i ly necessa ry to 
al ign the p ros thes i s more for s t and ing 
comfort than funct ional wa lk ing comfort . 
S i n c e the p ros thes i s is cons t ruc ted on ly for 
l ight duty use , the p ros thes i s w e i g h t is 
kept to a two to three p o u n d m a x i m u m . 

O n c e the p ros thes i s has b e e n d y n a m 
ically a l igned , it i s t hen f in i shed as a s tan
dard pros thes i s . T h e subor tho len socket is 
comple te ly roughed up wi th the large 
rough sand ing c o n e . It is then shaped , and 
the b o n d i n g is d o n e w i t h the ped i len foam. 
T h e ankle b lock from K i n g s l e y is cut to the 
lowes t pos s ib l e po in t . T h e p ros thes i s is 
then pa in ted and sea led (Figure 5 ) . T h r e e 
layers of nylon are appl ied over the pros
thes i s and a normal l amina t ion procedure 
is carried out . T h e on ly spec ia l ized l ami 
na t ion r e q u i r e m e n t is the extra t ime taken 

a round the foot-ankle area and around the 
u n d e r cuts to e l imina te as m u c h w e i g h t 
from excess res in as poss ib l e . T h e b a s e o f 
the p ros thes i s is a l lowed to cu re , and the 
distal end of the ankle sec t ion is g round to 
al low for a s m o o t h flat b o n d i n g surface to 
the foot plate . 

T h e ure thane b o n d is then appl ied to the 
foot, and the p ros thes i s (Figure 6 ) , and re
qu i res twenty-four hours to cure . It is 
sugges ted that the adhes ive b e m a d e 
s m o o t h and even to m a k e for a un i form 
b o n d . It should dry over n igh t before re 
m o v i n g tape (Figure 7 ) . 

S i n c e u re thane adhes ive is a foaming 
agent , it does b u b b l e and expand . A n y ex 
cess should be t r i m m e d off wi th a sharp 
kni fe . It shou ld b e s m o o t h e d wi th a felt 
cone or a very f ine s and ing c o n e . A medica l 
adhes ive should then b e used to seal any 
areas w h i c h have b e e n o p e n e d or exposed . 
A tongue b l ade m a y b e used for this to g ive 
a un i fo rm cosme t i c appearance . 

T h e uppe r sec t ion o f the p ros thes i s is 
s m o o t h e d and comple ted as w i t h a normal 
polyes ter l amina te pros thes i s . T h e advan
tage o f subor tho len in this sys t em is i ts 
ease of workabi l i ty , and ease o f s m o o t h i n g . 
T h e subor tho len socket shou ld only b e 
made ove r a mod i f i ed plas ter pos i t ive 

Figure 5: The limb, after bending and shaping, is 
ready to have the finish lamination applied. 

Figure 6: A smooth coat of the urethane bond is 
applied to the foot and ankle block. 



Fgure 7: After the foot is bonded, the foot and ankle 
block are taped and allowed to cure for 24 hours. 

S i n c e the subor tho len is only 4 m m thick, it 
is imposs ib l e to re l ieve the socket m u c h . 
T h e pos i t ive mode l used for the or ig ina l 
p ros thes i s is saved . After the pat ient has 
worn his p ros thes i s for an ex tens ive per iod 
o f t ime , a n d proven it to fit wel l , t hen any 
small changes m a y b e made to the pos i t ive 
mold , and the subor tho len socket made 
from the corrected pos i t ive mode l . 

CONCLUSION 
I feel th is sys t em prov ides for an eco 

nomica l m e a n s to provide the pa t ien t wi th 

two pros theses : a s tandard pros thes i s 
w h i c h m a y have a soft inser t , and a mul t i -
axis ankle jo in t or a S A C H foot w h i c h can
no t b e a l lowed to get wet . T h e wate rproof 
pros thes i s enab les the ampu tee to s hower 
and enjoy wa te r sports w h i c h he m a y have 
m i s s e d . 

T h i s p ros thes i s is very easy to const ruct , 
and offers re l iabi l i ty to the ampu tee , for its 
l imi t ed use . It can also b e used at n igh t as a 
temporary pros thes i s , as it incorpora tes a 
flat hee l S A C H foot. 

F rom the t ime this presenta t ion w a s 
g iven , at the AOPA Nat iona l A s s e m b l y in 
1981 , to now, more than two years have 
pas sed . M y facility has supp l ied approxi
mate ly twen ty amputees w i th th is p ros the
s is , and th is sys tem has proven itself to b e 
successful . Work is present ly b e i n g done 
on a s imi lar sys tem for above knee am
pu tees , and w i t h i n a few years a more 
comple te s tudy o n wate rproof p ros theses 
shou ld b e avai lab le . 

ACKNOWLEDGMENTS 
The author wishes to thank his two assistants, John MacGregor and 

Holly Rames, for their help in performing this task. Also thanks to 
Kingsley Company for their Beachcomber foot, and Otto Bock for their 
waterproof components 

AUTHOR 
The author runs Koester Prosthetic and Orthotics Labs, Inc., 4940 

Gratiot, Saginaw, Michigan 48603 



I N D E X T O 

O R T H O T I C S A N D P R O S T H E T I C S 

Volume 37 
By Title 

Number 1 
Elastic Suspension Sleeve for Be low the K n e e Prostheses (Technical Note) , 
p p . 5 2 - 5 4 

Jon P. Leimkuehler, C.P.O. 

F o u r B a r Linkage K n e e Analys is , pp . 1 5 - 2 4 
Michael P. Greene, B.S., M.E., C.P.O. 

H o w to Prepare an Article for Publ icat ion, pp . 3 6 - 4 4 
Charles H. Pritham, C.P.O. 
Michael J . Quigley, C.P.O. 

Planning and Produc ing Slide Presentat ions for Orthot ics a n d Prosthet ics , 
p p . 4 5 - 5 1 

Shirley M. Forsgren 
Tina L. Hittenberger, CO. 

T h e Rapid Adjust Prosthet ic H a r n e s s (Technical Note ) , pp . 5 5 - 5 6 
Bob Radocy 

The Seattle Prosthet ic F o o t — A Des ign for Act ive Sports: Pre l iminary 
Studies , pp . 2 5 - 3 1 

Ernest M. Burgess, M.D. 
Drew A. Hittenberger, C.P.O. 
Shirley M. Forsgren 
DeVere Lindh, M.S., M.E. 

The Use of X - R a y s a n d Xerograms in Prosthet ics , pp . 3 2 - 3 5 
Thomas P. Haslam, CP. 
Michael T. Wilson, C.P.O. 
Martha J . Urlaub, L.P.T. 
Roy M. Borrell, M.D. 

Number 2 
A Case History: Protect ing the H e a d and Face , pp . 5 7 - 5 8 

George W. Gills, CO. 
Gary Fields, CO. 

Flexible A b o v e K n e e Socket M a d e from L o w Densi ty Polyethylene , 
Suspended by a Weight Transmit t ing F r a m e , pp . 2 5 - 2 7 

Ossur Kristinsson 

T h e Halo-Girdle Brace Appl icat ion, pp . 3 9 - 4 4 
Richard Young, CO. 
Daniel J . Murphy, M.D. 

L o w Back Pain and the Cottrell 90 /90 Backtrac® Sys tem, pp . 3 1 - 3 8 
Wallace Lossing, CO. 



Prosthet ic Finger Retent ion: A New Approach , pp . 2 8 - 3 0 
H.W. Herring, Jr., D.M.D. 
Eric H. Rommerdale, C.D.T. 

Prosthet ic Modif icat ions for the Treatment of Margina l ly Viable B e l o w - K n e e 
A m p u t a t i o n s , pp . 5 3 - 5 6 

Kevin S. Garrison, CP. 

A Thermoplas t i c Endoskeleta l Prosthes is , pp . 4 5 - 5 2 
Drew A. Hittenberger, CP. 

T h e T w o Stage Myoelectr ic H a n d for Chi ldren a n d Y o u n g Adults , pp . 1 1 - 2 4 
Eric Baron, C.P.O. 
Susan D. Clarke, O.T.R. 
Carol Solomon, M.S.W. 

T h e U . S . M . C . Prosthet ic Skin (Technical Note ) , pp . 5 9 - 6 1 
Judd E. Lundt, B.S. Engr. 
Timothy B. Staats, M.A., CP. 

Number 3 
A Be low K n e e V a c u u m Cast ing Technique , pp . 1 5 - 2 3 

Drew A. Hittenberger, CP. 
Kenneth L. Carpenter 

The D e m a n d for Orthot ics and Prosthet ics Technic ians: Pre l iminary Survey 
Results , pp . 6 7 - 7 3 

Michael B. Duggan 

Hip Disarticulation: A Prosthet ic Fo l low-Up , pp . 5 0 - 5 7 
Donald G. Shun, L.P.T., M.A. 
Thomas M. Cook, L.P.T., M.S. 
Joseph A. Buckwalter, M.D. 
Reginald R. Cooper, M.D. 

Fabricat ion of the Water-Res is tant Recreat ional B / K Prosthes i s , pp . 4 2 - 4 9 
Kenneth P. LaBlanc, B.S., C.P.O. 

The Negative Anatomical ly Modif ied Foot Orthosis ( N A M F O ) , pp . 2 4 - 3 1 
Ray Marvin, C.P.O. 
Philip Brownrigg 

A Novel Concept in Fitting Bilateral A b o v e - K n e e A m p u t e e s : A Case History, 
pp . 6 3 - 6 6 

William R. Svetz, C.P.O. 

Orthotists and Prosthetists: Issues in a Deve lop ing Profess ion, pp . 7 4 - 7 7 
Ira S. Schoenwald, Ph.D. 
Ruth K. Scott, Ph.D. 
Larrie Lance, Ph.D. 



A Revised A / K Adjustable Socket , pp . 3 8 - 4 1 
Paul Burnette, CP. 
Ed Young, C.P.O. 

Syntact ic E n d Seal Technique , pp . 3 2 - 3 7 
Timothy B. Staats, M.A., CP. 

T h e Thigh Corset: Its Effects on the Quadr iceps Musc le a n d Its Role in 
Prosthet ic Suspens ion , pp . 5 8 - 6 2 

Joe Weiss, M.D. 
L. Middleton, M.D. 
E. Gonzalez, M.D. 
R.E. Lovelace, M.D. 

Number 4 
A Case Study: Use of a Terminal Device to A u g m e n t a Paralyzed H a n d , 
p p . 4 9 - 5 3 

Judd A. Katz 
David Perkins 

Fabricat ion a n d Fitt ing Instructions: Tri lateral Perthes Orthos i s , pp . 2 4 - 3 3 
Carlton Fillauer, C.P.O. 
Charles H. Pritham, C.P.O. 

A Medical -Socia l S tudy of U p p e r L i m b A m p u t e e s in H o n g K o n g — A 
Pre l iminary Report , pp . 4 3 - 4 8 

KM. Chan, M.B., B.S., F.R.C.S. (E), F.R.C.S. (G), 
M.Ch. (Orth.), F.R.C.S.Ed. (Orth.) 

S.Y. Lee, M.B., B.S. 
K.K. Leung, L.B.I.S.T. 
P.C Leung, M.B., B.S., M.S., F.R.A.C.S., F.R.C.S. (E) 

A New Concept in Orthotics Jo int D e s i g n — T h e Northwestern Univers i ty 
K n e e Orthosis Sys tem, pp . 1 5 - 2 3 

Jack L. Lewis, Ph.D. 
William D. Lew, M.S. 
Carl M. Patrnchak, R.P.T., CO. 
George T. Shybut, M.D. 

O R T H O S I L Sil icone Gel for Pads and Soft Insert Liners (Technical Note ) , 
pp . 5 8 - 6 2 

Lynette K. Black, R.T. (P) 

Use of the Anter ior Floor React ion Orthosis in Patients with Cerebral Palsy , 
pp. 3 4 - 4 2 

Edwin D. Harrington, M.D. 
Robert S. Lin, CO. 
]ames R. Gage, M.D. 



T h e U s e of Prophylact ic K n e e Orthoses at Iowa State Univers i ty , pp . 5 4 - 5 7 Frank Randall, A.T.C., M.A. Harold Miller, C.P.O. Donald Shurr, L.P.T., M.D. 
Water Safe Prosthet ics (Technical Note ) , pp . 6 3 - 6 6 Edmond E. Koester, CP. 



I N D E X T O 

O R T H O T I C S A N D P R O S T H E T I C S 

Volume 37 
By Author 

Number 1 
B u r g e s s , Ernes t M . , M . D . 

with Hittenberger, Drew A., C.P.O. 
Forsgren, Shirley M. 
Lindh, DeVere, M.S., M.E. 

T h e Seatt le Pros the t ic F o o t — A D e s i g n for Ac t ive Spor t s : Pre l iminary 
S tud ie s , pp. 25-31 

Forsgren , S h i r l e y M . 
with Hittenberger, Tina L., CO. 

Plann ing and Produc ing Sl ide Presen ta t ions for Or tho t i c s and 
Pros the t ics , pp. 45-51 

G r e e n e , M i c h a e l P. , B . S . , M . E . , C .P .O . 
F o u r Ba r L inkage K n e e Ana lys i s , pp. 15-24 

H a s l a m , T h o m a s P., C P . 
with Wilson, Michael T., C.P.O. 

Urlaub, Martha J . , L.P.T. 
Borrell, Roy M., M.D. 

T h e U s e o f X - R a y s and Xerograms in Pros the t ics , pp. 32-35 

L e i m k u e h l e r , J o n P., C .P .O . 
Elast ic S u s p e n s i o n S leeve for Be low the K n e e Pros theses 
(Technical No te ) , pp. 52-54 

Pr i tham, Char les H . , C .P .O . 
with Quigley, Michael J . , C.P.O. 

H o w to Prepare an Art ic le for Pub l i ca t ion , pp. 36-44 

R a d o c y , B o b 
T h e R a p i d Adjus t Pros the t ic Harness (Technical No te ) , pp. 55-56 

Number 2 
B a r o n , Er ic , C .P .O . 

with Clarke, Susan D., O.T.R. 
Solomon, Carol, M.S.W. 

T h e T w o Stage Myoelec t r ic H a n d for Ch i ld ren and Y o u n g Adul ts , 
pp. 11-24 

Gar r i son , K e v i n S . , C P . 
Pros the t ic Modi f ica t ions for the T r e a t m e n t of Marg ina l ly V i a b l e 
B e l o w - K n e e A m p u t a t i o n s , pp. 53-56 

G i l l s , G e o r g e W. , C O . 
with Fields, Gary, CO. 

A Case His tory : Pro tec t ing the Head and Face , pp. 57-58 



Herr ing , J r . , H .W. , D . M . D . 
with Rommerdale, Eric H., C.D.T. 

Pros the t ic F inger Re ten t ion : A N e w Approach , pp. 28-30 

Hi t t enbe rge r , D r e w A . , C P . 
A Thermoplas t i c Endoske le ta l P ros thes i s , pp. 45-52 

Kr i s t Jn s son , O s s u r 
F lex ib le A b o v e K n e e Socke t M a d e from L o w D e n s i t y Po lye thy lene , 
S u s p e n d e d b y a W e i g h t T ransmi t t i ng F rame , pp. 25-27 

L o s s i n g , Wa l l ace , C O . 
L o w Back Pa in and the Cottrel l 90/90 Backtrac® S y s t e m , pp. 31-38 

Lundt , J u d d E . , B . S . Engr . 
with Staats, Timothy B., M.A., CP. 

T h e U . S . M . C . Pros the t ic S k i n (Technical No te ) , pp. 59-61 

Young , R i c h a r d , C O . 
with Murphy, Daniel } . , M.D. 

T h e Halo-Gird le Brace Appl ica t ion , pp. 39-44 

Number 3 
Burne t t e , Pau l , C P . 

with Young, Ed, C.P.O. 
A R e v i s e d A / K Adjus tab le Socke t , pp. 38-41 

D u g g a n , M i c h a e l B . 
T h e D e m a n d for Or tho t i c s and Pros the t ics Techn i c i ans : P re l imina ry 
Survey Resu l t s , pp. 67-73 

Hi t t enbe rge r , D r e w A . , C P . 
with Carpenter, Kenneth L. 

A Be low K n e e Va c uum Cas t ing T e c h n i q u e , pp. 15-23 

L a B l a n c , K e n n e t h P., B . S . , C .P .O . 
Fabr ica t ion of the Wate r -Res i s t an t Recrea t iona l B / K Pros thes i s , pp. 42-49 

M a r v i n , R a y , C .P .O . 
with Brownrigg, Philip 

The Nega t ive Ana tomica l ly Modi f i ed Foot Or thos i s ( N A M F O ) , pp. 24-31 

S c h o e n w a l d , Ira S . , P h . D . 
with Scott, Ruth K., Ph.D. 

Lance, Larrie, Ph.D. 
Orthot i s t s and Pros the t i s t s : I ssues in a D e v e l o p i n g Profess ion , pp. 74-77 

Shur r , D o n a l d G . , L .P .T . , M . A . 
with Cook, Thomas M., L.P.T., M.S. 

Buckwalter, Joseph A., M.D. 
Cooper, Reginald R., M.D. 

H i p Disar t icu la t ion: A Pros the t ic F o l o w - U p , pp. 50-57 



Staa t s , T i m o t h y B . , M . A . , C P . 
Syntac t ic E n d Seal T e c h n i q u e , pp. 32-37 

S v e t z , W i l l i a m R . , C . P . O . 
A Novel C o n c e p t in Fi t t ing Bilateral A b o v e - K n e e A m p u t e e s : A Case 
His tory , pp. 63-66 

W e i s s , J o e , M . D . 
with Middleton, L., M.D. 

Gonzalez, £., M.D. 
Lovelace, R.E., M.D. 

T h e T h i g h Corse t : Its Effects on the Q u a d r i c e p s M u s c l e and Its Role in 
Pros the t ic S u s p e n s i o n , pp. 58-62 

Number 4 
B l a c k , Lyne t te K . , R . T . (P) 

O R T H O S I L Ge l for Pads and Soft Inser t L ine r s , pp. 58-62 

C h a n , K . M . , M . B . , B . S . , F . R . C . S . ( E ) , F . R . C . S . ( G ) , M . C h . (Or th . ) , 
F . R . C . S . E d . (Or th . ) 

with Lee, S.Y., M.B., B.S. 
Leung, K.K., L.B.l.S.T. 
Leung, P.C., M.B., B.S., M.S., F.R.A.C.S., F.R.C.S. (E) 

A Med ica l -Soc ia l S tudy of U p p e r L i m b A m p u t e e s in H o n g 
K o n g — A Pre l imina ry Repor t , pp. 43-48 

Fi l l aue r , Car l ton , C . P . O . 
with Pritham, Charles H., C.P.O. 

Fabr ica t ion and Fi t t ing Ins t ruc t ions : Tri lateral Per thes O r t h o s i s , 
pp. 24-33 

Harr ing ton , E d w i n D . , M . D . 
with Lin, Robert S., CO. 

Gage, James R., M.D. 
Use o f the Ante r io r Floor Reac t ion O r t h o s i s in Pa t ien ts w i th Cerebra l 
Palsy , pp. 34-42 

L e w i s , J a c k L . , P h . D . 
with Lew, William D., M.S. 

Patrnchak, Carl M., R.P.T., CO. 
Shybut, George T., M.D. 

A N e w C o n c e p t in Or tho t i c s Jo in t D e s i g n — T h e Nor thwes te rn Un ive r s i t y 
K n e e Or thos i s Sys t em, pp. 15-23 

K a t z , J u d d A . 
with Perkins, David 

A Case S tudy of the U s e of a Termina l Dev ice to A u g m e n t a Para lyzed 
H a n d , pp. 49-53 

K o e s t e r , E d m o n d E . , C P . 
Water Safe Pros the t ics (Technical No te ) , pp. 63-66 



Randal l , F r a n k , A . T . C . , M . A . 
•with Miller, Harold, C.P.O. 

Shun, Donald, L.P.T., M.A. 
The Use of Prophylact ic Knee Orthoses at Iowa State Univers i ty , 
pp. 54-57 



rreraDMcaiea poiyernyiene remorai, riDiai a n a roocranKie c o m p o n e n t aejfgn-
ed for distal femoral and tibial p la teau fractures, as wel l as post opera t ive 
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c J u R R - F i u a u E R m E o i c a l . i n c . 

B . O . B . 

The B.O.B. is indicated for: 
• Mechanical back pain 
• Apophyseal and Compression fractures 
• Discogenic disease 
• Spondylolysis, Spondylolysthesls 
• Osteoarthritis 
• Osteoporosis 
• Pre-operative/post-operative care 
• Spinal stenosis 
• Sports activities, post injury and 

preventative 

The Boston Overlap Brace (B.O.B.) 
represents a re f inement and develop
ment of the Boston Bracing Sys tem. It 
has proven itself to be a useful addit ion 
to the a rmamenta r ium of the physician 
managing back pain in the adult 
pat ient. 

Initial cl inical trials have shown it to 
be ef fect ive in improving patient 
comfort and funct ion in over eighty 
percent of pat ients wi th severe back 
pain from a variety of causes. 

The B.O.B. is available as a kit ready to be fitted by the orthotist in three 
degrees of lordosis (0, 15, 30) and in twelve sizes. Special materials and custom 
fabrication available on request. 
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REVIEWS 

by Charles H. Pritham, C.P.O. 

Low Back Pain Clinical Diagnosis and Man
agement, Leona rd P. S e i m o n , M . D . , A p -
pleton Century Crafts , 25 Van Zan t S t . , East 
Norwalk , Connec t i cu t 06855 , 313 pages . 

T h i s b o o k is wr i t t en as a pract ical l o w 
key gu ide to cl inical t rea tment o f a complex 
problem. It stresses basics, covering in de
tail: anatomy, pathology, and sources of 
pa in , as wel l as h o w to record a h is tory and 
conduc t a phys ica l examina t ion . S u b s e 
quen t chapters c o n s i d e r specif ic p rob l ems 
and me thods o f t rea tment . O f part icular 
in teres t in this lat ter ve in is the d i scuss ion 
of t echn iques for sp ina l manipu la t ion . T h e 
use o f or thoses and spinal suppor ts is 
s imilar ly t reated from a pract ical po in t o f 
v i ew, whi le under ly ing theoret ical b i o 
mechan ica l pr inc ip les are s l ighted. A p 
prox imate ly half the b o o k is devoted to an 
ex tens ive ser ies o f case h i s to r ies . 

A n y orthot is t in te res ted in the t rea tment 
of low back pa in m i g h t well f ind this b o o k 
o f in teres t . 

Congenital Deformities of the Spine, Robe r t 
B . W i n t e r , M . D . , w i th con t r ibu t ions b y 
J o h n E . Lons t e in , M . D . , and Arno ld S. 
Leona rd , M . D . , P h . D . , T h i e m e - S t a t t o n , 
Inc . , 381 Park Avenue Sou th , N e w York, 
N . Y 10016 , 343 pages and index, 1983, 
$ 5 9 . 0 0 . 

Dr . W i n t e r in h i s preface desc r ibes this 
b o o k as one of the resul ts o f a project that 
b e g a n 20 years ago at Gil let te Ch i ld ren ' s 
Hospi ta l , and that inc ludes the results 
o f s o m e 1,250 cases s een in the St . Paul-
M i n n e a p o l i s area. H e further desc r ibes 

the b o o k as " a non-s ta t i s t i ca l " state-of-
the-art rev iew of the topic . T h e statist ical 
research data is in the process o f b e i n g 
p resen ted in a ser ies o f scient i f ic papers , 
each conce rned wi th a separa te part o f the 
total topic . T h i s s e e m s to b e an excel lent 
approach , for it enab l e s the c l in ic ian con
ce rned wi th the t rea tment o f pa t ients to 
concent ra te on the hear t o f the mat ter . All 
too often char ts , g raphs , and s ta t i s t ics— 
w h i l e impor tan t and essent ia l to those e n 
gaged in r e s e a r c h — i m p e d e a m o r e general 
reader in h i s a t tempt to concent ra te o n the 
bas i c s . 

T h i s b o o k should b e of interes t to all 
or thot is ts involved in the t rea tment of 
sco l ios i s and o the r sp ina l deformi t ies . It is 
pe rhaps bes t cons ide red as a seque l to 
Blount and M o e ' s The Milwaukee Brace. It 
inc ludes chapters on embryo logy , gene t 
ics , natural his tory, and classif icat ion and 
te rminology . Separa te chapters are de
voted to var ious surgical t e c h n i q u e s , sur
gical compl i ca t ions , and pos t -opera t ive 
immobi l i za t ion . S imi lar ly , the impl ica 
t ions a n d t rea tment o f var ious congen i ta l 
deformit ies and cond i t i ons are cons ide red 
in separate chapters . Pe rhaps o f greates t 
in teres t to or thot is ts is the chapter on 
non-opera t ive t rea tment . In i t , Dr . W i n t e r 
m a k e s f irm r e c o m m e n d a t i o n s for the use o f 
therapy, body casts, CTLSO ' s , and T L S O ' s . 
In addition, the use of orthoses and exter
nal correct ive devices are m e n t i o n e d w h e r e 
appropr ia te in the var ious o the r chapte rs . 

T h e var ious appropr ia te and inappro
priate uses of o r thoses and the a t tendant 
compl ica t ions are d i scussed . Th roughou t , 
the b o o k is well i l lustrated wi th pho to 
graphs , x- rays , and l ine d rawings . 



Classified Ads 
In order to proper ly calculate the n u m b e r of words in (and the cost of) a classif ied adver t i se
m e n t according to the m e t h o d used b y A O P A , the adver t i ser should do the fol lowing. A d d 
up every charac ter in the ad, inc luding c o m m a s , h y p h e n s , etc. D iv ide the sum by five (we 
cons ider a w o r d to cons is t of 5 characters) to f ind the total n u m b e r of words . T h e n figure the 
cost b a s e d on these rates: M E M B E R S — F i r s t 30 words $ 3 2 . 0 0 . Each addi i tonal word $1 .50 . 
N O N - M E M B E R S — F i r s t 30 words $ 7 8 . 0 0 . Each addi t ional word $4 .00 . R e s p o n s e s to A O P A 
B o x n u m b e r s are forwarded u n o p e n e d free of charge . Adver t i s emen t s are to b e pa id in 
advance . C h e c k s shou ld b e m a d e payable to A O P A . S e n d to A O P A , 717 Pendle ton St ree t , 
Alexandr ia , VA 22314 . N o classif ied ads wil l b e taken b y p h o n e . 

Certified or B o a r d Eligible Orthot i s t— 
Offer ing full t ime pos i t ion to ass is t in the 
pract ice o f Or tho t i c s in a large m o d e r n fa
cil i ty located in P h o e n i x , Ar izona . Salary 
commensu ra t e w i t h expe r i ence . Heal th 
and pens ion benef i t s inc luded . S e n d c o m 
plete r e s u m e to A O P A Box 18404 , 717 P e n 
dleton St ree t , Alexandr ia , VA 22314 . 

C P / C O / C P O or B o a r d Eligible: I m m e d i a t e 
pos i t ions avai lable in two loca t ions . O u r 
Sou the rn N H office is located o n e h o u r 
from B o s t o n , ski count ry , o r the seacoas t . 
NH has N O SALES T A X or state income tax. 
Our Maine office is located in Lewiston with 
similar recreation advantages. 

Benef i t s include accident /heal th / l i fe in
surances and profit shar ing plan. Salary 
c o m m e n s u r a t e w i th expe r i ence . S e n d res
u m e and salary r equ i r emen t s to N e w En
gland Brace C o . , Inc . , T. Wes t , 1107 Hook-
sett Road , Manches t e r , N H 03104 . 

M a n a g e r , Pros thet ics /Orthot ics—Exper i 
enced C P O to h e a d twelve m e m b e r de
par tment in very large mul t i - spec ia l ty 
c l in ic . Ideal candida te has academic and 
pract ical expe r i ence , p roven leadership in 
manager ia l skills and abi l i ty to teach and 
assis t younge r staff m e m b e r s . Pos i t ion of
fers compe t i t ive salary, excel lent benef i t 
p rogram and ideal l iv ing env i ronmen t . 
P lease s end r e s u m e to: 

Be t ty Kale tka 
E m p l o y m e n t M a n a g e r 
Marshf ie ld C l in i c 
1000 N . O a k A v e n u e 
Marshf ie ld , W I 54449 

A n equa l oppor tun i ty employe r M / F / H 

Certified Prosthet ist is needed to a s s u m e 
di rec t ion o f all p ros the t ic and or thot ic ser
v ices at Nor th Caro l ina Memor ia l Hospi ta l 
(currently unde r contract w i th a pr ivate 
f i rm). 

Respons ib i l i t i e s wil l inc lude recruit
m e n t , t ra in ing , and superv i s ion o f t echn i 
cal staff, as wel l as o the r rout ine m a n a g e 
m e n t r e s p o n s i b i l i t i e s . N o r t h C a r o l i n a 
Memor i a l Hospi ta l is a 650 b e d tert iary care 
facility, affiliated with the University of North 
Carolina School of Medicine. 

Chape l Hill offers a mi ld c l imate , excel 
lent cultural and recreat ional oppor tun i 
t ies , and close p rox imi ty to m o u n t a i n s and 
b e a c h e s . Please s end a r e sume and letter 
ou t l in ing salary r equ i r emen t s to : 

E m p l o y m e n t Office 
N . C . Memor i a l Hospi ta l 

Chape l Hi l l , N C 27514 

A N E Q U A L 
O P P O R T U N I T Y / A F F I R M A T I V E 

A C T I O N E M P L O Y E R 

Chief Prosthetist 

Super io r oppor tun i ty in s u b u r b a n W a s h 
ing ton , D . C . Immed ia t e o p e n i n g for ex
pe r i enced cert if ied prosthet is t or C P O to 
m a n a g e pros the t ic depar tment . K n o w l 
edge o f myoelec t r ics des i rab le . Excel lent 
salary and specia l fringe benef i t s that in
c lude rewards for per formance . Con tac t 
J o a n W e i n t r o b , C P O , Or tho t ic -Pros the t ic 
Cen te r , I nc . , 8330 Profess ional Hill Cour t , 
Fairfax, VA 2 2 0 3 1 , (703) 698-5007. 
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Prosthet i s t—Exper ienced in pat ient care 
and fabr icat ion. Immed ia t e open ing . Mus t 
have m a n a g e m e n t potent ial . Reply Sun-
coast Or tho t ics & Pros the t ics , Inc . , 1916 
Hil lview Street , Saraso ta , F L 33579 , (813) 
365-7588 . 

Pros the t i s t—Cer t i f i ed p rac t i t ioner pre
ferred with three years exper ience . Dut ies 
include pat ient managemen t , fabr icat ion 
and cl inical work . G r o w i n g facility wi th 
excellent fringe benefits and pension plan. 
Comple te r e sume and salary r equ i remen t s 
wil l be held in conf idence . Reply to Snel l ' s 
L i m b s - B r a c e s , Inc . , 1833 L ine Avenue , 
Shrevepor t , LA 7 1 1 0 1 . 

Prosthetic Technic ian—Immedia te open
ing for person exper ienced in pros thet ic 
fabr icat ion, in a N e w York firm. Salary 
based on exper ience and abil i ty. Attract ive 
benefi ts package . Please contact : Dorsch 
Pros thet ics & Or tho t i cs , Inc . , 109 E . 29th 
St ree t , New York, N Y 10016 , (212) 684-
7 2 6 3 . 

CO, CP, CPO— Immediate opening for expe
rienced certified orthotist, prosthetist, or 
qualified CPO. Excellent growth potential and 
benefits. Salary commensurate with experi
ence. All inquiries and applications strictly 
confidential. Contact: Larry Bradshaw, Scott 
Orthopedic, Inc. , 5300 West 44th Avenue, 
Denver, C O 80212. Tel. 1-800-821-5795. 

Orthotic & Prosthetic Technicians—Two 
openings for experienced technicians: one 
orthotic and one prosthetic. Good benefits. 
Salary commensurate with experience. Con
tact: Larry Bradshaw, Scott Orthopedic, Inc. , 
5300 West 44th Avenue, Denver, CO 80212. 
Tel. 1-800-821-5795. 

Certified Orthotist or CPO Wanted—Must 
have 5 years patient management experience. 
Send resume and salary requirements to: Mike 
Danforth, Danforth Orthopedic Brace, P.O. 
Box 2026, Winter Park, FL 32789. 

Director of Orthotics and Prosthet ics—Ex
cellent career oppor tun i ty for a skil led or
thotist , or thot is t /prosthet is t wi th man ag e 
rial abi l i ty and aspi ra t ions to develop o n e 
o f the finest or thot ic and prosthet ic ser
v ices in the country. 

T h e pos i t ion is located in a large Univer 
si ty teaching hospital in upstate N e w York. 
An oppor tuni ty to work in con junc t ion 
with an or thopaedic staff that is on the 
cut t ing edge o f the field. Spec ia l iza t ions 
inc lude: non-opera t ive m a n a g e m e n t o f 
scol ios is , sports m e d i c i n e , pedia t r ics , and 
ped-or thot ics . 

Excel lent benef i ts package inc luding 
tuit ion benef i t s . S e n d r e s u m e and salary 
his tory to: Univers i ty of Roches te r , Per
sonnel Depar tment , Box 636D, 260 Cri t ten
den Boulevard , Roches te r , N Y 14642. Equal 
Oppor tun i ty Employer , (M/F) . 

Immediate opening for Board Eligible 
Orthot is t—Must have extensive fabrication 
exper ience with some fitting and pat ient 
contact . Modern orthotic and prosthetic 
laboratory in a progressive pediatr ic/or tho
pedic hospital . G o o d salary and benefi ts . 
Contact : Lou Ekus , CPO-Di rec to r , Shr iners 
Hospital for Crippled Chi ldren, 516 Carew 
Street , Springfield, M A 01104 , (413) 787-
2078. 



Orthotics and Prosthetics, the Journal of AOPA 
Announces: 

Discount Bulk Gift Subscription Rates 
for all AOPA-Member Firms 

• Savings of up to 5 0 % off regular subscription price 

• Use your extra copies to disseminate information to colleagues, physicians, and members 
of your rehabilitation team 

• Option to have AOPA mail the extra gift copies to the recipient directly 

Discounts apply to orders of more than 5 ONLY 

Two ways to save —$12.00 each per annual subscription, plus shipping, to send all copies 
to your firm. 

$18.00 each per annual subscription. AOPA will mail directly to the 
recipient(s) you designate. 

Name - AOPA Member Firm 

Address 
Zip Phone 

• Please start my subscription for (must be more than 5 for discount) gift copies. 

• A. Send the order to my address. Enclosed is my check, for $12.00 per subscription, 
made payable to AOPA. I understand I will be billed for shipping. 

OR 
• B . Send the order to the name(s) and address(es) I've listed (attached). Enclosed is my 

check, for $18.00 per subscription, made payable to AOPA. Please enclose a card 
announcing my gift to the recipient. 

Make all checks payable to AOPA. 

Send to: Orthotics and Prosthetics Bulk Subscriptions 
AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 



LERMAN 
MULTILIGAMENTUS 

KNEE CONTROL ORTHOSIS 

The Lerman Multi-Ligamentus™ Knee Control Orthosis 
controls knee motion and provides: medio-lateral 
stability, anterior-posterior stability, derotational-
rotational control and patellar tracking. 

T M Two completely pre
fabricated models are 
now available. 
The adjustable model 
may be used to control 

knee flexion and extension to any 
desired degree while the free knee 
model is used when knee joint 
motion need not be restricted. 
Available in four sizes, left and 
right, the Lerman Multi-Ligamentus" 

Knee Control Orthosis may be 
applied to most patients right 

off the shelf. It's easy to 
apply and remove, may be fit 
without precise measuring de
vices or techniques and is 

easily contoured to achieve an 
excellent fit without disturbing 

knee joint alignment. 

Adjustable Model Product Numbers: 
Small-Right—A16-6RS-M000 
Medium - Right—A16-6RM-D000 
Large - Right—A16-6RL-G000 
X-Large-Right— A16-6RX-L000 
Small-Left—A16-6LS-M000 
Medium - Left—A16-6LM-D000 
Large - Left—A16-6LL-G000 
X-Large-Left— A16-6LX-L000 
Free Knee Model Product Numbers: 
Small - Right—A16-6RS-M001 
Medium-Right—A16-6RM-D001 
Large- Right—A16-6RL-G001 
X-Large-Right— A16-6RX-L001 
Small - Left—A16-6LS-M001 
Medium-Left—A16-6LM-D001 
Large - Left—A16-6LL-G001 
X-Large-Left— A16-6LX-L001 

United States Manufacturing Company 

U S Patent Numbers 4,337,764, & 4.372,296 Other Patents Pending 



If Sports Supports' 
8 6 Knee Orthoses 

Aren't Enough 
We Will Make an 87th 
To Your Specifications. 

Ull-F - HINGED FAN KNEE SUPPORT 
"NEW PRODUCT" 

1000-LH - SLEEVE TO FIT UNDER 
DEROTATION BRACE 

1M4 - PATELLAR KNEE SUPPORT 

We at Sports Supports realize that there are certain times when a patient can not be fitted with a stock 
product or size or that modifications must be made for a patient's special needs. If you will supply us with 
the proper measurements, we will be happy to fabricate a custom orthosis. 
In most instances, however, one of our stock products will do the job. With our stock knee orthoses we 
offer 1/8" and 1/4" thicknesses; nylon-one-side and nylon-two-side material; exposed orthopedic felt or 
enclosed tubular neoprene buttresses in the following configurations: superior horseshoe, inferior 
horseshoe, donut, and lateral crescent; spiral steel stays and hinges; and elastic and velcro strapping. Con
fused? Please call or write us'to receive our new 16 page color catalogue which will answer your questions 
concerning our knee supports as well as give you information about our full line of Orthopedic Neoprene 
Supports. 

iporis 
liupporfs Inc. 

W ~Tke ̂ poth Medicine 
co l l ec t C A U ( 2 1 4 ) 3 5 8 - 4 5 2 8 

2611 P E R T H 
D A L L A S , T E X A S 75220 

CALL TOLL FREE •* o a a O f 
OUT OF STATE l - o U U - 5 £ 7 - 9 £ K 



TO: P E R S O N S W O R K I N G IN REHABILITATION 

F R O M : SIEGFRIED P A U L , C P O (E) , I N T E R N A T I O N A L SCIENTIFIC 
P R O G R A M C O - C H A I R M A N 
R O B E R T E . F A N N I N , C O , DOMESTIC SCIENTIFIC P R O G R A M 
C O - C H A I R M A N 

RE: C A L L F O R C O N T R I B U T E D P A P E R S F O R T H E 1984 A S S E M B L Y 
SCIENTIFIC P R O G R A M 

The Amer ican Orthot ic and Prosthetic Associat ion is an organizat ion whose 800 -
plus m e m b e r s h i p consists of firms involved in the design, manufacture , and fitting 
of orthoses and prostheses . The pr imary objective of AOPA is to promote high levels 
of orthotic /prosthet ic patient care services to the orthopedically handicapped . To aid 
in achieving this goal, each year the Associat ion provides a forum, v ia its annual 
National Assembly , for orthotics and prosthetics professionals to share information 
on the m a n y n e w ideas and/or concepts of or relating to orthotics/prosthetics . Nearly 
everyone working in orthotics and prosthetics in the United States attends the A s 
sembly, along with m a n y professionals from abroad. The 1984 Assembly will be held 
at the Fontainebleau Hotel , Miami Beach, Florida o n October 15-21, 1984. 

AOPA invites all interested persons to submit an abstract(s) for presentat ion dur
ing the Assembly's Scientific P r o g r a m . The subject(s) for the abstract(s) should b e 
new ideas, techniques , devices , a n d / o r research that have a practical application in 
orthotics and prosthetics or a related field. Interested persons are invited to submit 
more than one abstract . Most presenters will be given 1 5 minutes for their pre
sentation. 

If you are interested in part ic ipating in the 1984 Assembly, please fill out the 
enclosd abstract form and return it to the AOPA National Headquarters no later than 
April 3 0 , 1 9 8 4 . 

Don't Hesitate! Do It N o w A n d Be A Part Of O n e Of The Major International 
Rehabil itation Educat ion Meet ings Of The Year! 

Thank you . 

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 
ABSTRACT GUIDELINES 

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. Follow with authors' 
names, Business Addresses, Zip codes. Underline Speakers' Name. Start third line and any 
subsequent lines in heading, if needed, just inside the line at left. 

Leave a space between heading and abstract proper. Indent as shown. Keep all lines as wide 
as possible without touching or going beyond the lines at either side. Short lines create extra 
pages and add to publication expense. Avoid them where possible. Keep the text in one 
paragraph. If literature citations are needed, insert them in parentheses and not as footnotes. 
Credits, if any, should be added at the end of the abstract, but not as a new paragraph. Use an 
electric typewriter, with carbon ribbon if possible, and a type size to give about 88 characters 
(letters) per 7x/z inch line. Before submitting your abstract, check format, nomenclature, and 
spelling. Make sure that erasures do not show. Abstracts will not be retyped, but reproduced 
photographically at two-thirds the original size, minus the guidelines which are nonreprodu-
cible. If the standard form is not available when you need it, use plain white paper. Do not 
draw guidelines. Set your typewriter for a 7Vi inch line and use the format shown here. Please 
mail the abstract unfolded. 

MAIL ABSTRACT UNFOLDED TO: AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 
U.S.A. 



A M E R I C A N O R T H O T I C A N D P R O S T H E T I C A S S O C I A T I O N 
A B S T R A C T F O R M 

T I T L E O F PAPER: 

A U T H O R S : 
(Underl ine speaker) 

A D D R E S S (Include Zip Code) : 

P H O N E : 

O C C U P A T I O N : Orthot i s t 
O .T . 
Prosthet is t 

M . D . 
O t h e r (Specify) 

A U D I O V I S U A L R E Q U I R E M E N T S : 

P . T 
C .P .O . 
E n g i n e e r 

3 5 m m sl ides 
O v e r h e a d projec tor 
1 6 m m sound m o v i e 
O t h e r (Specify) 

A B S T R A C T : M a x i m u m of 200 words or equ iva len t . Inc lude Ti t le of Paper , Au thor s ' 
n a m e s , Addresses wi th zip code . U s e s ingle space typing. U s e full 
w id th o f ruled area. 

M A I L A B S T R A C T U N F O L D E D T O : AOPA Nat iona l Headquar te r s 
717 Pend le ton Street 
Alexandr ia , VA 22314 
U . S . A . 



LOOK TO KNIT-RITE FOR THE LATEST 
IN ORTHOTIC AND PROSTHETIC SUPPLIES 

NEW! 
COMPRESSOGRIP 
TUBULAR ELASTIC 
BANDAGE IN 
8", 10" & 12" WIDTHS 
See Revised Catalog 
Page 470 

S e e t he NEW Winter ' 8 3 
Produc t Supp lemen t And 

Pr ice List Fo r Catalog 
No. 8 For More New I tems 

AND PRICES 

NEW! 
KYDEX PLASTIC 
SHEETS 

See Catalog 
Supplement 
Page 516 

NEW! 
LIGHTWEIGHT 

SACH FOOT 

See Revised Catalog 
Page 513 

NEW! 
OTTO BOCK SINGLE 
AXIS MODULAR 
KNEE UNIT 

See Revised Catalog 
Page 177 

NEW! 
TIBIAL 

FRACTURE 
BRACE KITS 

See Catalog 
Supplement Pages 

511 and 512 

NEW! 
LIGAMENTUS 

ANKLE SUPPORT 

See Catalog Supplement 
Page 514 

NEW! 
See Revised Catalog 

UNIVERSAL 
T-STRAP-KIT 
(Left or Right) 

NEW! 
SOFT LERMAN 

KNEE ORTHOSIS 

See Catalog 
Supplement Page 

522 

WEIrV.' 
OTTO BOCK 7E7 

\ * \ MODULAR HIP JOINT 

See Revised Catalog 
Page 176 

NEW! 
UPPER EXTREMITY 

PROSTHETICS 

See Catalog 
Supplement Pages 

601-623 

KNIT-RITE 
NEW STYLE 
PROSTHETIC 
SHEATHS 
See Catalog 
Supplement 
page 520 

TOLL FREE (800) 821-3094 

K N I T - R I T E , I I V O . 
2020 GRAND AVENUE • P.O. BOX 208 • KANSAS CITY. MO 64141-0208 

PHONE: (816) 221*5200 • TOLL FREE (800) 821-3094 • TWX #9107710513 CABLE CODE: KNIT-RITE 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


